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March 3 7, 7 979 



My "tear Mr. President: ' 

J have the honor of transmitting to yoM/ and through you to the 
Congress, the Eleventh Annual Report of the National Science Board. 
This report has been prepared in accordance with Section 4(j) of the 
Nationcjl Science Foundation Act, as amended. I hope that it will be of 
particular interest and use to you. ' , , 

This report, Science lndicalors--1978, is the fourth, of the Board's 
annual rep6rts to be (Jevoted to the assessment of U.S. science £ind 
technology /through the presentation and analy9is of quantitative 
indicators. It represents another stei> in the Board's continuing effort to 
develop, methods of describing levels of scientific and technological 
activity, the results of that activity, and its impact on the Nation. 4t is 
hoped that this report will fnake a substantial contribution to the 
understanding of science aijd technology in the United States, and vyill be 
~ a basis for further analyses by other investigators in this vital area of 
national policy. 

The National Science Board intends to continue to improve and 
develop this seriesof science indicators reports. We, therefore, encourage 
* discussion of the topics and issues-treated herein and welcomecomments 
6r suggestions from users'of th^ report. ' '. 

\ Respectfully yours,' 




[v Norman I;;Iackerman 

Chairman, National Science Board 
f 



The Honorable 

The President of the United States 
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Introduction 



Science and technology h^ve become in- 
creasingly intertwisted with alnr^orft every aspect 
of modern life. These nnTultif acetfed activities have 
an IVicreasing impact pn the everyday quality of 
the llfje of individuals as well as on the welfare of 
the Nation and the world. Peciy^se of this 
importarit and pervasive role of science and 

* technology, the fslational Science Board in 1968; 
responding to a legislative mandate, Initiated a 
series of annual reJ>orts to assist in the assess- 
ment of the $tatU8 and health of the scientific 
enterprise . In 1970, after several years of 
experience with such reports, the Board felt that 
there was a need to develop and present 

* quantitative information which could be used as 
one of the tools for evaluating the American 
scientifit and technological eii*»rprise. ' ■ 

The initial experiment was the fifth annual 
report of the National Science Board to the 
Congress: Science lndtcat6rs--1972. It was realized 
from the begini\)ng that changes of indicatctrs^ 
over time are of major jmportance, and the 
indicators reflect fhis. This, coupled with the 
favorable reception of the first r^port^-led.to-a- 
decision to present biennyiy updated And 
extepded indicator reports, SnVna' Imiicators— 
1978 is the fourth of the series. 

The assessment of the science and technology 
system presents numerous projj^lenjfs. Its diverse 

* internal operations depend on a« variety of 
personnel and institutionalinteractionsaswellas 
on a host of external factors. Furthermore, the 
impact of science and technology on the society 
that supports such activities is pervasive becapse 
their successes are having an impact on almost . 
eVery aspect of modern life. While these effects 

^ have generally been be^ieficial, they have also 
inevitably produced sido^ effects, some of which 
might be detrimental artd should be recognized. 
Thus, it appears that the assessment of thestatus 
and impact of science and technology in a 
twentiethcentury society is a research problem in 
itself. The nature of the task becomes more 
evident as one delves into the workings of the 
systetn, <, • ^ v 



An-assessmentof this nature should deal with 
both qualitative and quantitative aspect?. It 
should look at the status and environment of the 
key element in the system, thi? individual scientist ^ 
engineer. It should cover the verv natUre and 
substantive status of science and technology,^nd ^ 
their contributions shoCildbe reviewed. It should 
review the total system. TU\s rAjuiresxIifferCrit 
tools, different types ot intormation, and rrnttm 
ide^s not yet conceived. 

The objective 9f Science huiicators~l 97 8 is 
similar to that of Its predecessors; namelv, the 
presientatlon and analysis of brimarily quan- 
titative material related to the components 
requires! for the system's operation and .the 
effects and results which it produces. It^ is 
important t<) k^ep this objective in mind and also 
to realize that the indicator reports by themselves 
provide .only one aspect pf asses^men t. Thus, the 
indic^itors presented in thi^ volume.are primarily 
numerical measures, often of an economic 
nature, related to the operation of the scientific 
and technologiCfil enterprise, A full and balanced 

JadicatLQa,o£ JhLsAatu^?. and progress of science 

and technology must ultimately mclude 
qualitative measures as well, because only by this 
means can one capture some . feeling of the 
excitement of current scientific discovery. The 
National Science Board has not been able to 
include in the current volume such explicit 
descriptions of the recen t progress of science, Hut 
hopes that this will be oossible in futurevolumes. 
Some such material, including reports on 
technological progress, can be found in Science ami 
Technology: Annual Re)wrt to The Con$re$f', 
There are also other reports covering various 
aspects of American science and technology 
emanating from the National Science Founda- 
tion, other government agencies, and private 
organizations. 

The science indicators Series cari be improved 
and expanded through further developments of 
new methodological techniques, new concepts, 
^ and new data. Such progress requires con- 
tributions from many individuals who can bVing 
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to the a^ctlvity a variety of expertise In substantive 
and analytical areas. Fuftherrtiore, since the 
IndlCAtor series serves man^ ^udlenjces^ their 
varying need^ must be considered. The nature oiF * 
the^ task an4 the potential benefits that can be 
derived froiifi a diversity of views required that 
preparation of the present volume involve a more 
extensive review process than that of previous 
volumes. 

Thus, after tKe publication of Science hidicahr$ — 
1976 and pripr to*the initiation of the current 
vo lume, revtevys7-e^^akmtion»7^d-censideration — 
of previous work were sought, A task force 
composed of Individuals from various , 
organizational elements in the Foundation 
reviewed previous science indicator reports and 
provided specific recommendations for improve- 
menf. --Similarljr, a number of external experts 
examined Science Indicators— 1976 and provided 
criticism and recoilmendations. These reviewers 
were drawn from u\h scientific and technological 
community and represented different fields as 
well as exper^ence in. science policy and quan- 
titative data development. Several organizations, 
such as the Social Science Research Council and 
the Organisation forEconomicCo-operationand 
Development, provided reviews of previous 
indicator' volumes and organized meetings au^ 
symposia to discuss* the development of science 
indicators, In these activities new areas of* 
potential utihty were identified and changes in 
format, approach, and analysis were suggested. 
Fu r ther, tne prepara tlon of Science hulicahn— 1978 
included the first use of external reviewers of 
individual ch'jp^^rs. * ^ 

^Science lndicalors—J978 reflects many of the 
suggestions that evolved from these 
deliberations and assessments. A number of 
significaht changes have taken place. More 
Interpretation and analysis of thV data presented 
are incorporated In this rejiort. Primary policy 
questions, illuminated by thedatf^, are identified. * 
A comprehensive,, substantive' index has been 
added to assist in I6c^ting relevant infbrmation. 
Increased emphasis has been placed on pointing 
out alternative interpretations and limitations of 
data as well as references to other publications. 
Initial steps have been taken to provide more 
detailed expositions of selected topics of special 



current interest. Concise overviews are 
presente\l both at the end of comprehensive 
sections and most of the chapters. 

ThuS/ Science Indicators^! 97$ is a familiar yet 
' somewhat different document from previous 
^re|:torts. It i*epresents progress, but there Is room 
for addltfonaMmprovement. For example, the 
extensive review process and feedback from the 
users of indicator reports have indicated again a 
continuing need for* better out))U|LlKdicator$ and 
for a better understanding of howievels of effort 
— tr a ns la te iri^ to s ociai— b engfita . Howeve r^ 
suggestions for specific, meaningful, and feasible 
. output Indicators are sparse, partly because the 
effects of science and technology are frequently 
of a qualitative nature. 

Moreover, science and technology are only 
parts of the spectrum, and it is evident that It is 
"necessary to disentangle their effects from those 
of other factors in the sy s ten\, The i n terpreta tion 
and analyses, even of input indicators, are 
sometimes ineffective because of inadequate 
models of the system. Several models exist for the 
technical ^personnel system but few for the 
If ina ncial alloc a tion process except for those at the 
institutional level. Thus, it is not surprising that 
successful matching of outputs to inputs Is still 
almost nonexistent. This means that research on 
such modeling techniques should be undertaken. 
Research Is needed todevelopa better understan- 
ding of the factors th^t affect and influence 
technical activity, In view of the needs for the 
development of models and otapxit indicators, a 
modest research program K^sNbeen started to 
explore new approaches. The National Science 
Foundation has requested proposals whic4i would 
assist in this effort. 

Besides the format and interpretive modifica- 
tions described above, a few other changes In 
Science lnfiicators—1978 should be. pointed out. 
There is no chapter on public -attitudes toward 
science and technology In this report. Thje 
omission reflects recognition of the problems 
associated" with developing accurateinformation 
on public at;>itiKles. This has led to .a more 
extensive deyelo^ent of analytical plans and 
survey inst^inents to obtain this information. A" 
more sophisticated approach requires con; 
siderably more time; and it was not possible to 



incorporate the results In this issue of science 
indicators. Consequently, the results of the 1979 

Imbhc attitude survey will be presented separate- 
y In aToundaHpn repbrTto be published Ih 1980. 
Subsi^quent analyses wlHappear in future science 
Indicator reports. 

As Is evident from the clescription of the 
evaluation of S(icAce^htdkaldKS'-1978, many In- 
dividuals and groups aided in the preparation of 
this report!^Ctverall responsibility rested with ^he 
National S^cience Board, assisted by a committee 
of the Board assigned to this task. Or^^anizational 



of the Science Indicators Unit spen^full time on 
the report, all other SRS^ units aided In the 
preparation of the document. In addition, some 
material was provided by the Division of Policy 
Research and Analysis of STIA. 

It , is hoped that the current volume will elicit 
comments which will|ead to an improved next 
version. In Order to entourage this interaction, a 
ford is provided at the end of thi^ report which 
can be used to suggest new indicators and 
analyses or to comment on the usefulness of 
ScUme Indiciitorfi— 1978, 



responsibility for the preparation of the report 
was assigned to the Directorate for Scientific, 
Technological, ahd International Affairs (STIA). 
Thf draft manuscript was produced by the 
Science Indicators Unit of the Division of Science 
Resources SKidies (SRS) of STIA. While the staff 
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International Science and Technology 



INDICATOR HIGHLIGHTS 



< 



US. investment in research and develop- 
ment is nuichgreater than in mostcountries, 
both in terms of expenditures and scientific 
. .... a nd technical pe rsonnel. However, Japan and 
''West Cfermany Iwve been incre<f^g their 
R<!^D investments more rapidly than the 
United States. (See pp. 5-8.) 

The number of scientists and engineers ' 
engaged in research and developKient as a 
propbrtion of the total labor force is in- ' 
creasing in other counlries^elative to the 
United States', althoughin absolute terms the 
United States has more R&D scientists and 
engineers than any other country^except the 
Soviet Union. The U.S. proportfon of s^cien- . 
tists and engineers in the labor force peaked 
in declined* through the early 1970's, 

and has been irtcreasing slightly' in recent 
years. (See pp. 7-8.) 

There are marked differences between 
countries in the allocation otR&D funds.^'ln 
japan Af\d West Germany, industry provides 
a majc^rity of the R&D funds, and Govern- 
ment funds are highly concentrated in areas 
"directly^ related h> economic growth, e.g.,, 
Inanufacturing, transportation, and 
telecommunications. In the United States, 
more than half of the R&D funds are 
provideij by the Government, and more than 
half of th-ese expenditures are for defense and 
space objeftives. (See pp. 6-7, 9-11.) 

The U.S. civilian R&D per GJsIP ratio* 
increased during a period when the total 
R&D per GNP ratio declined, but now seems 
tohave stabilized at a level below that of other 
nations, japan and West Germany have the 
highestVatios of national civilian R&D as a ' 
fraction of GNP, a^oncentrationt>f R&D in 
civilian areas which may have assisted them 
^ to increase productivity rates and be more 
competitive,in world trade. (See pp. 8-9.) 

Contrary to expectations, few countries 
significantly increased energy R&D expend- 
itures following the 1973 energy crisis; the 
VUnitedStates is theoply OECDcountry that 
has consistently intensified public support of 
energy R&D since that time. (See p. 11.) 



D ^ The U.^. proportion of industrial R&D 
4 expenditures by all OtCD countries de- 
creased from 62 percent inl967 to49percent 

inT^75,^while4^P*^»^^^^r4.^P^r^i^ 

to 12 percent. Over the same period, the 
' amount that'the Common Market countries 
jointly accounted for wdnt from 25 to 29 
percent. (See pp. 11-12.) 

□ R&p expendituresvby U.S. affiliates abroad 
- - reached $1.5 billion in 1977; between 1977 
and 1978, they increased about the same rate 
V as domestic industrial R&D expenditures. In 
recent years, foreign R&D expenditures by 
U.S. companies ha^ been growing slightly 
faster than domestic industrial R&D, par- 
ticularly in the drug industry. In absolute 
terms, domestic company-funded R&D 
expenditures are about 13 timesgreater than 
the R&D expenditures of U.S. affiliates 
abroad. (See pp.'27-23.) ^ 



□ 



Al|noBt 40 percent oTT^e world's influential 
scientific and technical journal literature is 
accounted for by U.S. authors. While this 
overall* proportion remained fairly stable 
pver the five year period between 1973 and 
1977, individual fields experienced some 
change. The U.S. fraction of publications 
declined in all. fields except clinical medidne 
and biomedicine. The largestdeclines werein 
the fields of mathematics and hiology. 
However, the influence of U.S./ scientific 
literature increasecj slightly over/this same 
period so that by 1977, U.S. scientific articles 
were cited abgut 30 percent more than could 
be explained by their proportion of the 
world's literature. (See pp. 15-16.) 

Foreign patenting activity rq/lects some 
international economic effects of technolo- 
gy. At a time when domestic U.S. patents 
have decreased by almost 25 percent, U.S. 
patents of foreign origin have increased by 
more than 70 percent. Thus, the foreign- 
origin share of tgtal U.S. patents increased 
from 20 percent 1^ J966 to36 percent in 1977. " 
However, interpretation bf patent data is not 
simple and special attention should be paid to 
the caveats found in the text. (See pp. 16-20.) 
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Inventors from 'Wciit .Germany; Japan; iind 
the United Kinfidftm have been Branded tl^e 
larROst number?? of U-S, pateivtHjiWeased • 
activity in%foreign patenting in the United 
States is influenced by a variety of factors, 
includinR the commercial atrra^^^tion of in- 
troducing 0 technology or product to the 
large, homogeneous U.S. market and* the 
increased R&D and inventive capabilities of 
foreign nations^ "While foreign R&.D ex- 
penditures are highly corrc^lated to patenting 

tiveness (as measured ^y numbers oT 
domestic ^patent applications or patents 
granted) increased substantially only ' in 
japan, U S. domestic patenting has declined"' 
in almost all product fields and may vyell 
represent an actual decrease in U.S. inventive 
activity. (See pp. 10-21.) 

Over the past decade, produetiviTy gains in 
manufacturing industries in th(N4jnited 
States** were Jess thaAv those of Canada, 
France, West Germany, the United Kingdom, 
and japan. However, the U S. prqfluctivity 
level >exceeds those of all these countries. 
While Japan experienced the largest produc- 
tivity gains,jts productivity levelis still only 
two-thirds that of tne U^ited States' In^ 
vestments in R&D and technoJogl5^^^^rKJY^■• 
tion haye positi>(t^ jonf^t^tvf^^ 
productivity and ipcoriomic growth? Hcul the 
United States continued to invest in R&D (in- 
constant dollars) at the same rate as in the 
early and mi^i-l^oO's, or had contirtued to 
devote at least the same fraction of national 
resources to R&D. ft it did in the 1960's, U,S.^ 
productivity^ gains might have been greater. 
(See pp. 21-23.) 

ItTternatiorfrfl/fetrhrK^ogy transfer remains a 
source of large earnings and returns on 
investment. Data show that U.S. firms have 
been increasing their earnings from technol- 
ogy licensing agreements and thatv U.S. 
techm^^gy transfers to other ^^^irts of The 
globe seem to be growing. U.S. receipts from 
technology-licensing agreeipents in 1977 
reached $4.7 billion— more than 10 times the 
amount paid for impof)ihg foreign technical 
know-how. If this indicator is viewed as a 
rough and partial expression of the salability 
of the accumulated, as well as current, stock 
of U.S. technology, then there is no apparent 



• decrease in the international earning power 
r of-U.S. technology, (See pp. 2^-27.)* 

a tinio when the ovepll trade balance of 
W^ihe United State^ is showing large deficits;" 
ihe ifflportance of R&D-intensive trade in 
manufcK tured goods has inq-eased. W|tile the 
trad4^ balance' foV non-K&P-intensrve 
^manufactured goods has regist^^ted large 
deficits,^the trade balance for R&D-intensive 
manufactured products has been positive 
since 1960. Howevei', since 1975 there has 

be en a 6- percerrt^ecretvse m-thi^ba4ance.r 

Even so, the 19';^7 balance of R&D-in^ensiVe 
manufactured products WiVs almost 5 tiijies 
greater than that of 1960 and tim^s the 
1972 level. The Upited States has a positive 
^ . tradf? balancejn these products with all its 
major trading partn{?rs except Japan ar^d, 
recently; West Gerwany. From 1974 tol977, 
the-.deficit with Japan increased 329 percent, 
reaching about $3.5 billion. (See pp 29-33. > 

□ U.S. universities and colkges have made a 
signifiCc-ftit contribution to the bu'ilding of 
world scientific and technical capabilities. 
They'have contributed tothedevejopmentof 
foreign universities and have Mo assumed 
• ' the rble of training many foreign Scientists,, 
and-^tigineers, Almost 6^ percent pf atl 
fdreij!|*i ' students, in, the^ Otnted -fit^ 
' -studying iiV sci^rjiif ^^^^^ fifeldV^ 
4bput 15 p^ce'nV oW^tl^. '3^^^^^ 
eiigtheet'rng doctorAl degri^^^JS^ 
Uni^ted Stat^^ in the mid-1 ^7^^ tv 
• fdfeign citizensj.and 32 percent oT'the U*S. 
pjListdoctoral appbirj^ents in ^pkhce ajtid 
engineering fields were held by noncillzens 
in 1977. (See pp. 34-36.) 

As seen from the highlights above, the 
United States still excee^ls most other 
countries in absolute levels' of R&;t)TfAvest- 
ment, but Japan and West Germany have 
been increasing their R&D investments 
fi^ore rapidly. ThesentWo foreign countries 
have beep enjoying some 'of the highest 
prpduc^vity growth rates ov.er the past 
decade, while the U.S. gains were relativejy 
small. Japan and West'' Germany also have 
been f;ranted the lai-gest numbers of U,S/ 
loreign-Origin patent? and have be^n highly 
successful in exporting R&D-int^nsive 
manufactured products to the United States. 



In* a woriA -of increa9<*d awar^^^^s of the 
Interdependfince of rtatidlis, increasllH r«)id'*y 
chanige, and i^icreased speed of commun^^tion, it \ 

apprjjprlafe to.take ^ broader persp^ive of 
science and technology other tnan a pMrely 
national onp.^ This chai:)ter vjjews science and 
^echiiology ii^ ii^fernational context, giving 
special attention to the U.S. role in world science 
and technology aff Airs. v 
, In the hi|ddle-jind late 1960's; piuch discussion ; 
was devQted to' the "technologicargfip'' between. ^ 
Europe and »the United States. This- discussion 
wa&^igiulatedin part'by an QECD study| that 
showed* the United States ahead of Europe irv 
, resource, pleasures 4eVT)ted to , R&D,* in tht 
performan<;e of techpOlogicpl iiihoVatioh/and in 
the econonnic effects of R&D activity. A de«l(Je 
la+er, the situation has somewFiat changed; there 
is now increasing coniern in the United States 
over whether ooir Nation has' lost th©^ 
technological initiative.^ /The United States still 
fa^r exceeds most major industrialized nations in 
terms of; absolute levels of R&D investment^, 
GNP, and productivity rates. ^ Nevertheless, 
other nations are advancing in terms of economic 
growth and tiechnical prowess. This is not 
necessarily a bad sign, and may in fact be positive - 
from the viewpoint of global developtnent and 
even of our owi^ Nation's develo{)mentv In a 
changing world of limited resourc<|^ and in- 
Lreased specialization, it is becoming clOTi**that 
'while striving for excellence is important, a 
certain amount of division of labor between, 
countries is productlvp.^A country that increases 
its scientific and technical capabilities has a 
greater potential to solve its own problems. More 
effective use x)f national resource^ a^d 
strengthened local efforts to fight food and 



energy problemt, for instance, are probJibly the 
most effective w^Vs tfi attack such worldwide 
concerns. ^ / * 
One^th^me of this chapter is the comparison of 
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« "Techno^gical Gaps: Their Ntituro, Causes and Effects," 
The OiCD Observer (April 1968)/' pp. 18-29; J.J. Servan- 
Schreiber. The American Chi}l}eti\(e (Ne^iy Yo^k: Atheneum, 
1968); and John Diebold, "Is the Gap Technological?" Foreii^ti 
Aflairti^ vol. 46 (January 1968), pp. 278-291. 

- "Technological InnovatiAn and Econoraic Development: \ 
Has the U.S. Lost The Initiative?" Proceedings on a 
Syrripvsiumon Technological Innervation (Washington, D.C.r 
Energy Research and Development Administration and 
Mcissachusetts Institute of Technology, 1976); Don I. Phillips, 
Patricia S. Curlin, and Kalph Petrilli (eds.), R&D in ike federal 
BuJi^ei, R&D, Iniimiry ami the Ecommy. Colhquiuw Proihditi^s. 
(Washington, D.C: American Association for the Advance- 
ment ofSclence, 1978); HarvevBrooks/'What's Happening to ^ 
the U.S. L^ad in Technology? hhirvard Business Review, vol. 50 ^ 
(May-June 1972), pp. 1 10^1 18. ^ ' . 

See Appendix tables I - I, 1-3, and 1-16. 

^ "Inlernational Scientific Cooperation— A Summary of 
Tangible Benefits," TcchtioU\<^y and Foreign Affairs, Department 
of State> 1976, Appendix I, pp. 1-12. 



and^ tethnological" activities 
rtationsv No single standard or 
level of il&D inv^stmept is known. 
JJhal comparisons, howcv^r^can provide 
a ge»tf aK framework to evaluate natiopal R&D 
effforts. Therefore, crqss-tountry c9mparison is 
one method to assess^the status of 'U.S. science 
and techn(tl6g]^. Comparisorts'of libsolute levels 

import^nt^because large investments ar 
of t?n critical \6 .the performance of complex or 
tnultifaceted McD projects in a variety or fteltjls. 
However, in order to itvake more meaningful 
^comparisoris^ between opuntries or different^ 
sizes* ft &t) ir^'estments areoften'normalized in 
this report by tjie si2^e of ^ country's economy or 
la.^Or force. . 

A second emphasis of this chapter discusses"^ 
outputs and impacts pf science and technology, 
i.e., the results of R&D investments. Scientific 
literature iridicators are presehted'because they 
are generally accepted as one of the more direct 
forms-of scientific output. Patent indicators are 
also examined, even though their^ignificance is 
more problematic. ^ Patent ^ictivity can be used as 
a roi^h measQre (albert imperfect and partial) of 
inventive activity. Information on foreign-origin 
, patent^ can shed light on a nation's tendency to 
protect or market its technologies abrpads^his 
chapter also e'xaininesvarious trends and impacts 
of technology flows as.represented by royalties 
and fees, direct investment,' and international 
trade in R&D-intensiVe product groups. 

• A third major thertie involves the treatment of 
various aspects of coopel^ation ahd interaction m 
science and technology. Scientific and 
technological activities do not occUr in a vacuum, 
but rather are cumulative and interdependent 
efforts that transcend national boundaries. 
Research findings in one country often form the 
basis for discoveries or breakthroughs 
elsewhere. Technology-related activities affect 
both the domestic economies andifternationar 
trade positions of nations. %f ^ 

As discussed elsewhere in this reptoft, curre^V 
understanding of the impact of the science and 
technology enterprise and* its components is 
limited. It is extremely difficult to separate the 
effects of R&D from other factors in f luencing the 
health of a nation s socioeconomic systjem. These"^ 



•** See thedisc\i59ionof pntentdtita iimit^jKonsandcavelttsih 
this chtiptei; and in the Industrial Keseatll^ and Developj(hent 
chapter. p 

I ■ 
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difficulties afe magnified in an international 
context due to problems of data^vViilability/ 
reliability; and timeliness. Differences in 
.def IniHons, concepts, ' data coJlecUon 
metbodologies; and statistical reporting 
procedures exist. Because of these limitations, 
attention should b4 paid to lar^e changes rather 
than small changes and to trends rather than 

' smgle-year data. SeveriU international organiza- 
tionS; such as the Organisation for Economic Co- 
operation and Development (OECD) arid the 
United Nations Educational, Scientific and 

Cul tural OrRani^giation (UNESCO), have done 

much to institute uniform standards. 
Nevertheless; international statistics mvist rely 
^on natiorwl data collection and jeportingsystems 
wKich va'ry. ^ ^ * 

Indicator^Pu'e not meant to be precise mea- 
surements; R&D expenditure data reflect scien- 
tific activity; and scie/itific publication counts 
provide irfgrmationpn just one typefof scientific . 

- output. If the trends 6jf indicators are considered, 
together rather than separately,* their ability to 
describe adequately the present state of science • 
and techn<^logy and to provide clues to future 
trends is CTthancedT - » 

COMPARISON OF INVESTMENTS IN R&D 

/ ' Cross-country comparison's may {Provide some 
information on adequate levels of R&D irjvest- 
men t.* Aggregated data on R&D expenditures 
• vand on scientif ic and technical personnel are used 
here as indicators of scientific activity. They 
attempt to measure the level find type of 
resources devoted to research and development 
activities, not the quality or results. Increased 
research spending does not aut\>matically insure 
an increase in the world's scientific knowledge. 
An increased supply of scientific personnel can '' 
^represent an inrt'eased national scientific and 
technical capability, though the question of 
. qu<\litY and level of training must be taken ifito 
tonsideration. Furthermore, data on national 
totals of scientists and engineer's do not indicate 
the exterj^t to Wyhich that capability is actually 
utilized. . . , ' 

This section presents analyses of R&D trends, 
n^ional differences in major sources of funding, 
ano^Goy^hmerit R&D prit)rities in areas such^ 
energy/nealth, and cjvilian R&D expenditures^^ 
Much effort has gone in toalleviating problems of 



data comparability. Comparisons of SovietR&D 
data have teen particularly difficult because of 
differences between the Soviet Union ayd other ■ 
nations in R&D definitions and GNP accoynting. 
There has been progress in understanding 
differences between the U.S. and Soviet S&T 
system^/ and this chapter p|'edents,only those 
' Soviet data that are relatively comparable to U.S. 
data. ^ I* 

R&P Expenc(itures 

^ The ratio 'of R&D expei\ditures "to gross 
"^lattenar predtie^ (GNP)*4s-used"*o-mftke^OFe — 
meaningful compadsons of S&T activity^ 
between coi/n tries ot*variou? sizes. R&D per 
,QNP r<itio*^are al^p useful because they partially 

*ciTcumv^nt the problems of adjusting for 
different rates of inflation and vacillating ex- 
change rates, since inflation affects bottt R&D 
costs and*GNP figures in a given country 

The U.S. ratio has decreased for more than a 
decade from a high of 3.0 percent in 1964 to 2.3 

' percent in 1978 (see figure 1-1 ). During this same 
period, the R&D per GNP ratio for West 
Germany increased from 1.6 percent in 1964 to 

'2.3,percent in 1978 (surpassingihe U.S. in 1975) 
and Japan's ratio grew from 1.5 percent in 1964 to 
1.9 percent in 1976. 

The U.S. decline in R&D per GNP is a function 
of differences in the growth rates of the two 
components of this rati*); the GNJP^hras been 
growing at a faster rate than R&D expenditures, 
even though R&D expenditures have risen. This 
trend isexpectedtocontinue through 1985, when 
thfe U.S. ratio of R&D per GNP is projected tobe ^ 
2.0. Examination of the components of these 
ratios in France and the United Kingdom shows^- 
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" Comptirisons ore made here with the UniK*(J kingdom, 
Fnince, West Geriiitihy, )*iptin, tin(J l(ic|U.S.S.R. beca use these < 
countjies expend jargc amounts on R&D tind represent the 
majority bf world investment in R&D. ^ ' 



■•Severtil|||lit U.S.-U.S.S.R. nieT^^PPhavebeen held and 
reports exchanged on the topics of R&D ex^ebditure and 
scientific and technical personnel data under the auspices of 
the loint Science Policy Working Group of the U.S.-U.S.S.R. 
Comniissioii on Science and Technology, established by a 
bilateral agreement signed in Moscow, May 1972. For n 
complete discussion of estimations of Soviet R&D* expen- 
diture and personnel data, see Robert W. Campbell, Reference 
Soiirci' on ijovivl R&D Stnlisitcs, 1^50- 1978, National Science 
Foundation, 1978; and A Comparison ofllS.ntul U.S,5. R. Training 
iiMi/ Uiilizaiiott of Scientiais, En^^ineers and TahniciiUis, National 
Science Foundation, (forthcoming). 4 

''.These comparisons would be more*precise if adequate 
national R&D deflators were available. Unforiuhately, they 
have not yet been developed. (See the Resources for R&D 
chapter.) The Organisation for Economic Co-operation and 
Development has done some experimental work with R&D 
deflators; see R^D i» Scklied (DECD Member Countries. 1907- 
/.^ 75, 42.845 (Taris: Organisation for Economic Co-operation 
and Development, September 18, 1978). pp. 3-22. v 

*^ 1 9s 5 R&D FutuUn;!^ Projediouji, National Science Foundation . 
(NSF 76-314), p. yi. ' ^ 
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partially a function of GNP. On the other hand, it 
has been hrgued that Investments In R&Q 
, evenfually contribute greatly to GNP growth;rt 
the resuhsof pa«tlargeexpenditure» in R&Dmny 
have provided a basis for Japanese and West 
Germah economic growth. Because adequate 
growth-accounting methods and causal models 
that diriectly link the contributions of R&D to 
economic growth are not available, the pretlse 
extent to whiclir either of these hypotheses 
explains thjej^namlcs of the situation Is difficult 
to deterrfilne. . ♦ 

~ 7^[n persuectiverdesplt^thedecreaseofl^&DRer 
-GNP in the United States, the U.S. ratio Is still 
higher than that of most countries, and actual 
U.S. R&D expendlturesifar exceed those of all 

* other countries except the Soviet Union. In fact, / 
the UnltTO States spends more on R&D than the 

• United Kingdom, France, West Germany, and 
Japan combined. However, the level of GNP in 
the United Statesvls also greater than the total for 
these countries. In addition, R&D as a fraction of 
GNP has now peaked or seems to be levelingof f Ih 
each of these countries. Differences in trend y 
dir^tion areas important toex.amine as absolute/ 
values. There is no consensus on whether a low 
ratio of R&D expenditure to GNP should be 
interpreted as underinvestment in research and 
development. Growth rates become harder to 
sustain or increase as base levels of R&Dor GNP 
become larger. Perhaps a slowdown in the rate of 
R&D investment iaa characteristic pattern once a 
country reaches a certain economic level. 

While absolute levels of Investment are impor- 
tant,vvarlations of R&D funding patterns 
between nat ions may also affect overall economic 
growth and R&DperGNJ' ratios. Industrial R&D 
rl^xpenditures seem to be highly correlated to GNP 
and are generally intended to have a greater 
short-term impact on economic growth than 
government R&Dexpendltures, whicirare often 
aimed at influencing the long-term growth and 



that declines in R&D per GNP occur for the same 
reason as declines in the U.S. ratio. 

The growth in R&D per GNP ratios in Japan 
and West Germany is Impressive giv^ the rapid 
overall economic expansion in these countries.'^ 
It is possible that their relatively healthy 
economkr situatioVi has allowed them greater 
opportunity to invest in R&D; that is, that R&D is 



For an tinalysisof rtMlGNPgrowlh,9ce/«/frmiM'oMrt/K«»^U)H 
0/ \\\t Presidtni, Council on lnternalipn«il Economic Policy, 
Executive Office of the President. I^'^. pp. 3 ^. 



" For «i discussion of>^tudie9 renting R&D Investment to 
increased prmiuctivity and econopiic growth, see the section 
in tHis chapter on productivity, 

1^ In 1975, R&D expenditures for the United States totaled 
$36.7 billion, it\ contrast to $5.8 billion for Japan. $8.8 billion 
for W<*8t Germany, $6 0 billion for France, and $4 .6 billion for 
the United Kingdom (all in U.S. dollars). /«/rrmWiOMrt/SM>t^fV^'/j'«' 
Rvsounes Devoted to R&D fry OECD Member CountriesAhUrnaiio^nal 
StiUtiitiail Year 1975, DSTI/SPR/79.5 (Paris: Org^^fcation for 
Economic Co-operation and Development, 197B), p. 42. • 

Although it Is still too early to Know^l^th certainty, the 
ratio of R&D per GNP seems to be leveling off even in West 
Germany, Japan, and the Soviet Union. / 



well-being of a ntilton '^ This 1« due in part to the 
areas and, types of R&D tliat governments feel 
justified to support (e,g,, nreos of high risk, high 
social benefit, and high cost, such as d^tfense, 
health, and large energy projetts),^*^ All other, 
thiri);8 being eqijal, countries with a hlftfi shareof 
industrial R&D fur\ds could be expected^ to 
receive greater economic returns than countries 
with a high concentration of Government R&D 
funds. Data on sKtpral characteristics of J<&D 
funding*^ show thaAl^ West Germany'and Japan 
: (bothVf which areen^oying high growth rates of 
-R&D-re^penditit|4&-a«d-GNl^);— the-4nduaU^^^ 
^{jector h\is prcwijied themajoVityof nationalR&D 



" Si»r to^l^monios i)( Edwin ManHf*it»Kl and Nl^tiM L.. 
l iM Itvky) at I loarin^»» boforc tlu» SulKommitlvcon Domes! k 
and Intfrpational Siicntifk Planninj^ and AnalyHi« of the 
Commiltce i>n SUonco and IVi hnolo^y on f n/rrn/ KcM-urWi ami 
Dcvt'iointuut tiih'iiiiiiui^hff^hv Nntioniil Icotwmy, U.S. House oi 
Kepre8<;.htativob. ^Hh Con^,,,,J^^nMU9. 1970. pp. 39-o5. U^- 

" See Appendix !abk» l-Kindthesei lion'Tunctk^nal Ai eas 
.oJ Federally funded Research and Developnu»nti' ot the 
chapter on Keyourtes for R&l^. 

S<?c Appendix table 1-2. , 



funds— generally more thjin 50 percent and 6(5 
percent, respectively (see figure 1-2), Countries 
that have been expfrienclng a decrease in their 
R&D per GNP ratio— the United States, France,, 
and the United Kingdom—have historically 
received the largest portion t>f the|>ational R&D 
fUnds from Government and other sources 
(private: ntfnpi?ftflt organizatjons and higher 
education). Since the late 1960's^ industrial 
expenditures for R&D as a fraction of GNI^ have 
been incf easing only in Japan and West Germatiy 
whiip remaining.con?}tant or decreasing in other 
-x:ouiiti-ies studied. ^ 



S^entif^ic and Technical Personnel 

Human^resources are important components 
of any analysis of national resources devoted to 
science and technology . Figure 1 -3 shows that the 
number of scientists and engineers engaged in 
research and development as a proportion of the 
total laboi' force is increasing in other countries 
relative io th'e United States, In absolute terms, 
however, the United States has more scientists 
and engineers'engaged in Iji&D (595,000 in 1978) 
than all other countries except the^oviet Union\ 
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The sizi* of the R&P labor force is only an 
approximate measure of the depth and dii;ection 
of a country's R&D effort; it does not indicate 
capabilitieiJ such as the level of sophistication, 
utillz*^tion, or productivity of R&.D personnel of 
nations. The U.S. ratio peaked in 1968 and 
declined through the early 1970's because the 
absolu te n u mber of R&D scien t ists and engineers 
decreased. Since 1973, tTi.e U.S. ratio has stabiliz- 
ed and has increased slightly through 1 976. At the 
same time, most#other countries have been 



experiencing inc^as^s in this ratio, especially 
Japan, West Germany, and the Sovlet'Union. 

There are nuixierous problems involved in ^ 
comi^arlng U.S. and Soviet scientific personnel 
statistics, but attem^^fs Kave been mad^ here to 
present figures corresponding to U.S. definitions 
of full-time^equivalent scientists and engineers. 
Questions abovlt the differeAcp^ In quality and 
type of training in either country are not , 
addressed . »^ Because the accuracy of Soviet data 
is difficult to assess, !i range has be^n prpvided 
between low and high e8timatt?s'>^ The Soviet 
ratio-o(^R^!c& seien tis+s-Tvnd^ei^gHieeF^to-la^ 
force surpassed the .U.S. ratio ^ometime in* the 
late 1960>s or early l^70's and appears to.be 
increasing, 

ClviUai\R&D . • ^ 

The need for a different Jbalance between U.S. 
civilian research and development and defense 
and space 1<&D has been proposed.**^ It has been 
argued that more effort should be placed in 
civilian R&D oriented toward economic and 
sociaU»eeds. Space R&D activities can often 
bipliefit civilian areas, and both defense and space , 
R&D activities have economic spinoff effects,-?^ 
but they aiy aimed principally at attaining other 
public goals, such as national security. 



'~ Tor soiuo discuss K)n of coinpjrnbility oi odiitiUion 
tiiiinin^; iiiid di'grt'cs iiwiudovi, set* Uoxor K. '1 <illey, SopfV/ 
hotvf'^wtuil Siicutilu iind 7VWi»ifn/Miwi;)iJri»rr, l)efonVclntvllij»onco 
Aj'^oiuy, M)75, pp. 9>3o; A Gmiutrhou of US, ami US S R. 
/MNMiMy und UtiliztUioii ol Siivutt<t\. l.us^iturt)., and / rc /imk ikms. . 
Ncitionid Si iiMico l\)iind(ition (fortlu'oniinfU; and Summaty ot 
SovhI Rvpotl on ihc Tratuiu^ tiud Ulilinthou oj SiU'Utilu*iii\^nur.}n\<iiind 
Tcih}\iail Ptr^outicl, National SciiMicr roundtitio'ii (forlluom- 

'f^ Robert W. C cunplu'll, Ri'fvr^mc S}nn ou Sovivi K^f^S/rt/^/io, 
/oso /07,w, Ntitiondl Scioiur FoimdtMion. 1^78. 

Vsn inslanco; sec H«irvry lirooks, "Wli»>t s Happfnin>» to 
thr U.S. Load in Ti»chnoloj;y? llnrviird Hhsjmc's.s Rmcw, vol, 50 
{M,iy-|inu' H>72). pp. 110-1 18 dnd^ Robert Ciilpin, / n/iHo/u.vy. 
Liommiii Crowth nnd Intvrtuilioiuil Compftttiirm'^^, )oint liiDMOhik 
Coininiltov of Coii^icsh, 1973. , . » 

•'^^ Srr for rxainpir, Janios M. Ulti'rbjyk -and Gilbert 
Murray, "1 be infliitMuo of DrfrnHc Proruri'miMit and 
Sponsorship of Ro«oarcb and l)ovi'lopmonl on tho I>vrlop- 
mcnt of .till* Civilian {Iloctronics Industjios." CVA 77-5 
(C!ainbridgf, Masii.: ConttM fov IVWity AltrriuW ivi'ii, 
Massaehiisotts Instituto of T\»thnology, 1977); and Uiv 
Loiiomii Vdluvof Remote Si'msmiv: by SoiviliU': Au LKIS Qv^tvmo and 
//ii' Valuv of ConiiuuUu of Sctvuc. |>roparrd fi>r tho National 
Arronautiiti and Spacr Adniioi^tration, 13 vols (Princoton, 
NJ.: i:CON. iiK'.. I97.n. 
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^Figure 1-4 provides estimates of natiqnal 
dviliiin R&D expenditures as a fraction of GNP;2 1 
it shows tliat West Germany and Japan have the 
highest ratios. Thisis to be expected; however^ in 
light of their post-World War II restrictio^is oru 

* defense-related activities and the fact that a 
^najority of nationaTR&D funds^ in^tliose coun-» 
tries is suppl\ed byjndustrial sectors. \n fact, the 
concentration of R&D in civilian areas may have 

. as^sted the Japanese and West Germans to 
increase productivity rates and be more com- 
petitive Jn world trade. 



Although y .S^ expenditures for total R&D are 
greater tha*n mosLcountries, the United States 
devotes relatively le?s tcN civilian KS^D than dc^ 
many countries, some of whicli ar^ our chi^f 
economic compe.^itors. TheUnitedState«jstillhas 
a relatively lowcivilian R&DperGNPratio which 
seems tb have leveled off a t ab^ut 1 .4 percent, but 
this ratio is milch largerthan in the early and mid- 
^1 960'9 and is no w closer to French and U .K . rat ios. 
The earlier increases in the U.Si. civilian R&D per 
GNP ratio are noteworthy because they occurred 
largely dur.ing a period when the total R&D per 
GNP ratio was declining in the United States. 
Even though the United States has extensive, 
continuing, international security ^responsi- 
bilities, it is important to attempt to maintain 'or 
increase a commitment to civilian R&D because 
of the positive effect of such R&D activities on 
economic growth. - ' 

Government-Fujnded R&D 

How a government distributes its funds among 
R&D programs prtivides some indicatioii of its 
broad R&D priorities in various functional areas. 
Studies have been conducted by OECD ta 
determine how its member countries ha've 




AtlUiil dtitti tii'o not tw^iiltiblc oil n.itiofial liviliaii R&D 
cxpondituiTJi; only Cov»riiinont R&.D exprndituros have 
bovu categorized by Kinctional objcdivrs. However, it is 
rea*tonable ta assume that almost all R&D expeiulitures fpr^ 
defense and space arc funded by Government sources; 
therefore, estimates of national civilian expenditures have 
been calculated by subtracting Government expenditures for 
defensH* and space from gross expenditures for research and 
developnuMit (Appendix tables 1-1 and 1-5).' These civiliaA 
R&D funds may be slightly overstated and shouKl be 
considered as approximations. For instance, U.S. industrial 
firms specializing in dcfonse-orientod research tliat do alnr^e 
porlitvn of their business with the Federal C i^^rnmeij^t report 
as comp.Uiy funds their Independent Reseafch and Develop- 
ment (IR&l)) projects thjU are conducted in^i^asof potential 
interest lo the Defense f)epartment 

See figure 1-2. 
*' See the "Outputs and impacts" section olthis chapter. 



allocated R&D funds among various objectives or 
praorities.^* Funding patterns in all countries 
have been .changing (figure 1-5). The trend 
shown during the past decade reflects a definite 



^ » C'JniM.vV'iy Prwrifiia lot\Covctnmvut K^iP (Paris: Organisation 
for Economic Co-operatjim and Development, 1^75), and 
Uifcnuifiontjl SttUi^fkal Ycar — h^?}: Thv Ohji-ilivvs of Cm^vnimnit 
Rt^D fHNi/iM.v }*^yO 7t>, vol. 2B (Paris: Organisation for 
Economic Co-operation and Development, 1977). Thc^sedata 
may»not be as comparable internationally ns otherOECf^data 
because the survey is still in the early stages of development, 
and a more uniforifji approach and agreenUMU on sonn* 
technical problems is still needed. Because the classification 
"methodology is. one refined by OEGD, the dat^\ may differ 
sligKtly from data available in natitinal publications. 
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Figur* W • * - V 

, Estimattd distribution of Qovornmont RtD Mponditurot among 
selected national ob)ectives, by fioMntry: 1961-77 
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shift from mllltafV to civilian R&D applications. 
In each country, the proportion of total R&D 
funds spent on defense-related activities declined 
even though the absolute amounts of defense 
R&D expenditures have generally continued to 
increase. 

The United States differs significantly from 
other major R&D-performing jnations in that a^^ 
larger percentage of Government R&D funds is 
allocated to defense and space programs. This 
'concentration is associated with the major 
international defense 9blig^tions carried by the 

III trvl ^ rctxtrSf liln t I trlltlil tf |nl j^tT ivott/ trAwtrri 

ditures to ensure future capabilities. In 1976-77; 
the.United States allocated only about 35 percent 
•of Goverrlmc;nt funds toci^lian R&D, although 
^this proportion has almost doubled since theearly 
1970's. In the United Kingdom, «\lmost half of the 
Government R&D fun^s art allocated to defense 
and space activities, and about a third of Krenli\ 
Government R&D funds were devoted to these 
areas in the mid-lP70's. Japan and West Ger- 
many, • however,- haye not made large in- 
vestments in defense R&D and have thus beeji 
able to devote morfe of their national budgets to 
areis related t6 economic development and the 
^idvancement of knowledge. It should be noted, 
however, that' Japan and West Germany include 
general university funds (GUF) in the category 
"-advancement of knowledge," while the UnHed 
Sta*es does not include such blpckgrants. In most 
countries, GUF funds are supplied almost entire- 
ly by the. ministry of education for R&D in the 
highereducation sector. In the United Statj^s, the 
allocation of th|?se funds is decentralized, often 
occuri^if^gatthesta te level; therefore, data on this 
type of funding are is not available. However, the 
inclusion of such funds woUld probably not 
explain the considerable difference m this 
category between the United States and West 
Germany or Japan. The differences in allocation . 
of funds for "iidvancement of knowledge" also 
reflect national differences on the most ^fective 
ways to encourage and support researcn. 

Contrary to expectations, few countries 
significantly increased energy R&D expen- 



lltu\ 



Distribution datA a re not iivaiLible for the Soviet Union; it 
is a controversial and as yet unresolved issue as to whether 
Soviet military R&D is inclucfed in reported total R&D,^ 
expenditures. One r^cent^ study estimated that* Soviet 
expenditures on mitltary research, development, test and 
evaluation (RDT^E) have nearly doubled in the last decide, 
exceeding- $20 billion in 1977. See Richard B. Foster, 
"Economic Perform'ance Reflecting Soviet Ga^h/' Comparative 
Sfrrtfr^y, vol. 1 (1978), p. 20. 

S(i^ce Resources Newsletter Organ is lotion for Economic Co- 
9peration ahd Development (Sf^ring 1977), p. 7. 



dltui^es followlntt tine 1973 energy crisis; the 
United States is the only OECD country that has 
consistently Increased public support of energy 
R&DV^Ince that time, the fraction of U.S. 
^Government funds devoted to energy R&D has 
grown,' and, in absolute terms. Federal 
obligations for energy R&D increased aboy 1 435 
percent between 1973 and 1978.27 

The United States also differs from* other 
countries in the high priority it gives to health 
R&D; health receives a larger percentage of the 
U.S. Government R&Dbudget than itdoes Inany 
Ot hpr QF.CD c ountry. In absolute ter ms, U.S. 
health R&Dexpenditures represent about three- 
fourths of the total OECD funds in thl^ area. 

THe distribution pattern of Government R&D 
funds 'Mso influences civilian R&D trends. For 
Japaa and West Germany, it appears that in 
addition to the fact that Industry provides the 
N A^ajority of R&D funds. Government support oP 
R&D is heavily concentrated in the areas olF 
economic development and the advancement of 
knowledge. In contrast, in the United States and 
the United Kingdom, not only do Government 
funds represent a greater percentage of total 
national R&D funds, but about half of these 
funds aredevotedite space and defenseobjectives. 
However, the United States is somewhat limited 
from shifting to as large a concentration of 
civilian R&D as some other countries because of 
the extent of its international responsibilfties. 

Comparisons of Industrial R&D 

Concern about the U.S. trade deficit has helped 
to focus national attention pn industrial R&D 
investment and on innovation and its role in the 
competitive position of U.S. industry in world 
arade.2B Therefore, international comparisons of 
industrial R&D arepresentedhere,and economic 
impacts of R&D on productivity and inter- 
national trade are discussed in the last part.of this 
chaptm*. } 

The U.S. proportion of all industrial R&D 
expenditures by GECDcountriesdecr^ased from 



^' See ih(f chapter on Resources fOr R&D and Appendix 
table 2-16. 

See Statement of Lowell W. Steele before the Joiot 
Hearings of the Subcomhilttee on Science, Technology and 
Space of the Committee on Commerce, Science and 
Transportation, U.S. Sehate, May 16, 1?78; and Frdnk Press, 
Testimony at Hearing on the Office of Science and Technolo- 
gy Policy before the Subcommittee on Science, Technology 
and Space, Committer on Commerce, Science and Transpor- 
tation, U.S. Senate, FebrViaVy 10, 1978, in which he outlined 
the, reasons for an intibragency domestic policy review of 
industrial innovation. 
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62 percent In 1967 to 49 percent In 1975, while 
Japan's fraction rpse f iKjm 6 to 1 2 percent. Over' 
tl^ saiVie period; the amount that Common 
Mtirket countries- jointly accounted for \vent 
from 25 to 29 percent. Although the importance 
of the U.S. industrial R&D p69i*ion has^decliiied^ , 
in terms of Its proportion of world activity, ui 
1975 the United States still was respouj^ible f or 
about half of alhOECDR&D.expeoditureifn the ; 
electrical and eFectronic industry group and a 
third of thal,conducted in the chemical industry 
grc\up. TheUniteflSta'tes9pent$3outofevery$4 
-tnyesied-m^eriV^pace-R& D i n t h e G ECD a rear^^^— 

Industrial R&D Intensity* R&D intensity 
niec)8ures provide information on the TeTative 
importance of R&Q «\s an input factor, to an . 
industry in producing its output. Th<? same 
industries in different coiwitries may have 
different levblsof R&Dintc^risity. IndustrialR^D' 
intensity can be M^neasured by business expen- 
ditures forR&D(BERD) as a ratioof tWedomestic 
product industry (DPI).-^^ Eigure 1-6 shows^'that 
U.S. industry is more R&D-intensive than 
industries in other OECD countries. The figure 
also shows that of those countries under con- 
sideration, the R&D%itensity of industry has 
increased only in Japan*and West Germany. . 

A recent study^^ examined R&D mtensities of 
enterprise-funded R&D in indiv^idual manufac- 

7 h*Hi/s in ludustruil /\6D in Selt'i{t\i OLCD Mnnhvr Couulriis 
h)i^7'75 (Paris'. Organi9nlion for Economic Co-oportilioii mh\ 
L>vek)pnuMil 1970); Scicmc Rvsounvt^ Nnoi^lvlln Win ivr 1077- 

till' counlrtrs considered in compiirisons |uMe— the 
Unilod Stoles. Krtince^ the United Kingdom, West Germnijiy, 
iind Jfipiin-"iire all niembers of C*)!:CI3. InicnialiomlSumyofih 

(Iik/ (IViris: Organisalion for Economic Co-operation and 
Development). . 

The electrical and electronic group ♦includes R&.D on 
computers as well as electrical and electronic equipments; 
aerospace includes the manufacture of 'aircraft missiles and 
rockets, aeronautical electrical equipment and aeronautical 
measurinji instruments; the chemic.i! group includes 
chemicals prope;*, drugs, and petm^leum products — it does not 
include rubber "lind plastic produf ts/lThese industry groups 
are moro fully defined in Jniuh in \ndu<>\rit\\ R6D in Selcdvd 
OtCD Mmhn Countrivi^ /<^c7-75 (Paris: Organisation for 
Economic Co-operation and Development, 1978) ani|,S( rVHir 
Rvsoimvs Ninvihln W\u{vr \^77-7B). 

^' R^D as a percentage of sales or as a percentage of value 
added are also often use,d ,as measures of R&.D intensity. 
HoweviM*. these ikita are either not available or ore ^lot 
available for the most recent years. * 

Domestic product of industry (DIM) is the sum of the 
value added of resident producers in industry and is used as an 
indicator of the total resources available to industry. 

Sumiye Okubo, IJ^If Pielvjrz, and Eleanor Thomas, 
^international Comparison of Bjftterprise-Funded R&D in 
Manufarturing." Protmiifi^s ul n Confenncc m Enn^invering und 
Aiomr RcH'anh for Indush inl Devclopmvnl. sponsored »by th^ 
Engineering Founda/ion. Conference in Easton, Md , October 
3-7/1977. 



12 



Figure 1-6 * . 

Industrial R&D expenditutts 
at a parcantaia of the domastic 
product of Industry: 19^7-75 
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turing industries from 1963 to 1973. It showed 
that within each industry, there was substantial 
variation across nations in the degree of 
enterprUe-funded R&D intensity. It is possible 
for the R&D intensity of^an individual nectot'or 
industry t6 remain constant vvhile tFfc aggregate 
'national R&D ratio changes; theteverse situa- 
tion may also occur. The size of a nation's GNP 
does not seem to be >a factor in the rate of 
enterprise-funding of R&D in manufacturing* 
am6ng OECp countries. The study indicated 
that, in ternVi& of both l"evels and trends, the R&D 
intensity of U.S. industry in the manufacturing 
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sectoV^ compared favorably with other Western 
Industrialized nations, dnd that enterprise- 
funded R&D in the United States was more 
widely dlsperaed amon^ industry groups than in 
\ather Industrialized nations. 
* Governmept;^ Sypport of Industrial R&D. 
Differences in funding patterns between govern- 
m/nl and industry underlie these intensity ratios 
and therefore can partially explain their relative 
levels and changes over time; In absolute terms, 
U.S. Government funds for industrial R&Diar 
surpass th'e direct* suppott by \f)ther 
Gever mt^eH^tST4n-the-U n i tea-St^^-the4JFU 



Kingdom, and France, the Government funds a 
significant portion of industrial R&D (see figure ^ 
l-zjT^n *the United States, that proportion 
dropped from more than50 percent in 1967 to 36 
perc^t in 1975,^^ but it is still larger than that of 
any other OECD country. Gover^tment financial 
support to indusJtrial research is relatively smalK. 
in West Germany (about 18 percent of the total) 
^^en though the Ministry, df ReseaVch' and 
Technology (BMPT) provides large grants to 
indtiS|ry for R&D in priority areas. Direct 
Goveihiment financial support for industrial 
R&D is negligible in Japan (about 2 percent of the 
total). These diffefences in funding patterns are 
pai-ticularly strikingiit the individual industry 
fevel.'For instance, (Jbvernment provided about 
half the funds for R&D in th^ .electrical and 
electronic industry group in the Un^ited States 
and the^,United Kingdom, but provided only 2 . 
percent in Japan. In France and the United 
Kingdom, funds fron^tvbroad were a significant 
part of the totcil soiirce of funds (aboujf 10 
^percent).^^^ , ^ 

Governments can support research and 
' development through means other than direct 
funcjing.^For instance, in Japan ^here has been 
extensive government-industry-banking ' 
cooperation in rebuilding the Japanese economy 
upon the most advanced technologies. Indirect 
government assistance can also taKe the form of 
tax incentives, protective tariff and regulatory 
policies, provisioruof venture capital, policies on 



Figure 1-7 

R&D performed in the biislnen enterprise 
sector byeource of funds: 1967*75 
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These decreases occurred mainly In the tierospace and 
electrical and electronic industry groups. See the chapters on 
Resources for R&D and hid us trial R&D. 

Scinue Resounvi, Ncwsktkr, Organisation for Economic Co- 
•'^ration and Development fVTinter 1977/V8), pp. 4-7. Some 
of these foreign funds are provided by U.Si firms to their 
subsidliiries and, therefore, the research resull? may be 
available to the United States. 

"japan— the Government-Business RelatlcMiship/' 
Department of Commerce, February 1^72v^and Terut^omo 
Ozawa, Jfl/mn's Tn'hmyh\^ical Challenge to the West, 19^0- 1970, 
Motiviitioii and Acton\i\lishnn*nt (Cambridge, Mass.: 
Massachusetts Institute of*Technology Press, 1974). 
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ntganiration^. and the hiRhor rducaliQii s«ctot. 

RCrCRCNCt Appendix l«blc 18 Sclerict Indicltois- •)978 



procurement, patenting, etc. In fact there is some 
evidence that suggests that these indirect mech^i- 
nisms njay have more of an impact on'R&D. and 
innovation than does directgovernmentinvolve- 
nient>^ Complex interactions between various 
government policies and the interrelationship of 
industries make it difficult tqanalyze the overall 
effect of a particular policy.' Examination is 
currently being made of the impact of U S. 



y National Sui^port tor Al ienee ami Teihuolo^^y: An Examination of 
Joni^n Ixiwrieme (C.'timbridge, Mdss.: Center for !\)licy 
Alterntitives, Mcisstuhusetts Institute oHechnology, lP7e)). 
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Govenlment policies on industrial innovation in 
retognition of the important and complex role 
that government plays. -^^ 

Summary of R&D Input Comparjlsons. In 
absolute terms, the U.S. investment in research 
and development is much greater than most 
countries, both in terms of expenditures and 
numbers of sciefitific and technical personnel. 
However, in terms of relative investments in 
R&b, the U.S. ratio of R&D per GNP has been 
declining and the ratio of R&D scientists and ^ 
engineers in tt^ labor-force decreased through 
4^he eaply 1 97Crs--buf 4Y^»l^^^eFease'd^~^ 
recent years. These trends in VVest*Germany and 
Japan have been increasing, but now appear to be 
leveling off or at least slowing their rate of 
growth. There are marked differences between 
countries in the sources and allocation of R&D 
funds. A higher proportion of U.S^ funds for R&D 
come from Covernuient sources, and over4ialf ot 
these are aimed at defense or space objectives. In 
contrast, in Japan and West Germany, the 
majority of R&D funds are provided by industry, 
and funds provided by Government sources are 
highly concentrated in areas rrit)redirectly related 
to economic growth. West Germany and japan 
have the highest ratios of civilian R&D t^o GNP. 
Although the U.S. civilian R&D ratio has 
increased over its level in theearly 1960's,it isstill 
far belovy that of West Germany and Japan. 
However, in the area of energy R&D, the United 
States is the only OECD coinitry to have made 
significant increases in Government in vestments 
since the 1973 energy crisis. Health receives a 
larger percentage of the U S. Government R&D 
budget than it does in any other OECDcountry. 

A closer lookat industrial R&D shows that U.S. 
industry still accounts for approximately one- 
half of all funds devoted to industrial R&D in the 
OECP area, even though there has been some 
decline since the late 1960's. The United States 
conducts a major portion of OECD industrial 
R&D, particularly in the electrical and electronic, 
ael^ospace, and chemicai industry groups. In the 
mid 1970's, theJUnited States had a higher rate of. 
industrial R&D intensity than other Western^ 
industrialized nations, in part due th^ Urge 
degree that the U.S. Government supports 
industrial R&D. However, from 1967 to 1975, 
industrial R&D intensity decreased in the United 
States, while it Increased in West Germany. 



OUTPUTS AND IMPACTS OF R&D 

What are the results of expenditures for\ 
research and^development? It is impossible To' 
Quantify precisejy the results of research or 
determine the incremental ndvancehient of 
knfwledg^ provided by an increase in R&D 
tkfrtaing. However, scientific literature and 
/patent indicators contribute information On 
R&D outputs. 

This section discusses indicators of sci(jntific 
■and ieciiiucaLliteraUire-aiici attempts to anaiyjie 
the production of new scientific knowledgfe and 
its relativHe influenced The literature data can help 
determine how much, the United- States con:;^ 
tributes to world science in terms of the number 
and relative influ^ce of articles written by U S. 
scientists and engineers. This section also 
emphasizes foreign-origin patenting in the 
United States cind patenting by U.S. inventors 
abroad. Patept activity is affected by a number of 
factors, including economic ornjarket interests; 
the propensity to use patents as a method to 
protect intellectual property rather than trade 
secrets; the amount of expenditures on R&D; 
patent laWs and regulations; and that elusive 
quality, "inventiveness." 

Significant technological gains by U.S. trading 
partners, coupled with an increasingly negative 
U.S. baiartce of trade have led toconcern that the 
.United States is losing the initiafive in 
technological innovation, and that this loss 
creat^es a negative impact on our domestic 
economy and our relative strength in the 
international economy. More needs to be known* 
about the impacts of the economy on research and ' 
development, and vice versa, but it is generally 
thought -that a nation's rate of productivity 
growth depends heavily on how it uses both 
domestic and foreign technology. Likewise, hj^gh 
productivity rates Jt^e a positive influence on 
profits, and therefore on the ability to conduct 
R&D as vyell as on the competitiveness of exports 
in general.^9 R&D-intensive goods make an 
important contribution totheinternational trade 
performaf^ce of many industrialized nations. 
Thus, this section also provides comparisons of 
productivity trends and indicators of inter- 
V [Rational trade in products associated with R&D- 
intensive industries. / 



^" See. for instance, tho numerous reports generated by the 
Domestic Policy Review on Industrial Innovation, headed by 
the Defiartment of Commerce, and Covmiment InvolvmettHutht' 
Intwvation Process, Office of Technology Assessment, 1978. 



•^•^ NSh' Colloquium ou the Rrlatiotiihipa hetwmt R^Datui L^otiotnu 
Crowth/Pmtudwity. November 9, 1977," National 5>cionce 
Foundation (forthcoming). 



Scientific literature 

Tl>jj publication of scie^ntific anei technical 
findings is one of fhe more clirect forms of 
scientific outinit. Such published reports add to 
the body oi scientific knowledge generally 
accessible, and thus may stimulate new research 
or help to clarify ongoing scientific in- 
vestigiftions. 

The indicators pros'bnted here are basedon a set 
of over 2,100 highly cited journals/*' This setoff 
journals was held constant for the^ye^s under 
investigation in order to make valid loriff itudinal 
"cc>mpansT>rY5/Th^ reflect the" 

growth of articles in the journals which aVe not 
''influentiar'as usedhere: themoreoften-citedor 
hirger journals'. Critica^l review oT articled 
preceding publication is a normal policy of these 
journals, wlTlth helps -to ensure the quality and 
significance of this body of literat ure even though 
the articles may vary in theii theoretical and 
practical importance. 

Scientific literature indicators have several 
limitations when used for international com- 
parisoi^s. National publishing characteristics or 
restraints on the nuinber of natioiv^l journals oi 
the space avaiLible per publication can affect the 
number of articles and the number 6f references 
in those articles. Journal refereeing and 
publishing pdiicies, as well as the availability pf 
R&D funds for the underlying research are other 
factors that affect the publication of scientific and 
technical literature/ ' - ' ^ 

U.S. scientific and technical publications as a 
fraction of all world literature shows remarkable 
stability of er the 1973 to 1977 period (text tabl? 
1-1). Almost 40'percentof this set of the world's 
influential scientific and technical journal 
literature is accounted for by U S; authors. The 
largest U.S. share is in the field of psychology (74 



^ Tor discussions of publK cUii>ns .IS nu'.^surcsof ihcoulpul 
ok scieiuT, ser: Ci Niy^i'l Ciilberl m\A Slcvo Wool^.is» 'The 
Qiuuilit.itivo Sludy of Scienav An tx.unin.Uioi^^ of tin; 
l.itc'i atun\" 5nrmr .Wirti. vol 4 (1^74), pp 270-2<?4;.Hi*nry 
MeMcird. hni'Mff. (Ir^uW/i i\n\\ QUanj^i' (Cambridge: H.iiVcird 
Univorsily IVtss, 1<^7 1); I>i ok |. deSolLi IVk t\ hnkSi&ncf, % 
5arHti\(Ncw York: Columbia Universily Press, 1963); dnd 
rrcuu'is N.irin, el dl, Liuiiuatm- lyblwmett u i>: J he (./sm/ Publuittwn 
ami Cttalioti Atuilysis itiVrrtTnLtilum of Scienhju Aitwity (Cherry 
Hill. N ).: Compuler Hori/on/ Int .. 1976). 

*^ These 2,100 journ.ils are from ihe .Si'itMu* Ciiatiott Uuicx 
Corporate Tapes of I he Inslilule for Scienlific In forma lion. 
Because investigalions show thai these jovirnals are more 
representative of U S, literature in some fields than of some 
other countries such as the U.S. S R. or the emphasis 

heiv is placed on U.S. literature. See the Re^)urces for l^&D 
and Basic Research chapters for a discussion of literature 
indicators of basi^ and applied research in the United States. 




percent), whereas the U.^. fraction of chemistry 
publications is only about 22 percent. The U.S. 
proportion of publications declined slightly in all 
fields except cHijical medicine and biomedicine. 
The two fields which showed the largest drop 
were mathematics (from 48 percent in 1973 to 41 
percent iVi 1977) and biology (from 46, percent to 
42 percent).Comparison of the actual numbers of 
CJ.S. and foreign articles written shows that the 
number of U.S. mathematics articles decreased 
.by 25 percent from 1973 to 1977 while non-^U.^. 
articles in this field decreased only 12 percent. 
Over the same period, U.Sr articles ip the field of 
biology decreased 11 perc^t, while biology 
artide^s by foreign authors increased 7 percent. 

Because the United States is responsible for a 
large proportion of the world's influential 
scientific and technical literature, it is to be 
expected that the U.S. literature would be highly 
cited. Relative citation rat:ios are one way to 
normalize for y^is factor. Citation ratios are used 
as an influence measureon thegenerally accented 
assumption that the most significant literature 
will be more frequently cited than the routine 
literature. A number of studies support this 
assumption by showing high correlations 
between citations to art'author's work and oth^ 
measures of scientific importance siic 
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j u dg iiuMi I s c> f l os e c\ w h c r s i n t h 1' f i c rd . » \ \ o vv e v e 
some articies may not be* readily accessible or 
available and, therefore, not b^ highly cited. 
Othftr articles' may^be hetWliy cited only for the 
criticisms they provotle. Thest^ cases are not 
generally the norm fc)r the articles in tliis fournal 

set.^ ^ ^ - / 

' The U.S. scientific literature is widely c*!ted in 
the publications of all countries. Text table 1-2 
•shows that the citations (or references) tc/the 
U.S. scientific and technical literajure are aoout 
30 percent more than ct5uld be expected from t)ur 
^htrre nf the vvorldS; htrratuA*: 'PhisritaHon mtio- 



/ Sit ^' l. il.it ion . An. iTyijis: A Nrw 1 ih^I fi>r S^umui* 
AJjninisti.Uoi s/':nnMit'. vol 1 |or3)pp 12^^ -L^J; lon.ilh.in 
I\ C oIr»ind Sh-plu*n ( olo/nn u\\>^\rt\h\\n\li(>u ifi Si h mj i' (C hic .»^;o: 
UiiiviMsily o\ C hK,i>;o Ti i*sb. \<>7}^), Cuu lioki, 

"C itation An,llyi>l^ .is a 1\h>I in Kuii luil Ilv.ilihilion.",\irMn , vol. 
178(P>72). pp. .I71-.I78; I M.ii>;olis/'CHl.ilion InJrMn>; and 
Lv.iliMlion o\ Scii:ntifK l\ipor?.," SiHMu, vol 133 (h)o7), pp 
1213 - 1 2 h^. ( Ko>^vt Myi'i h, ")oui niil C iliilioMh ,Mui Stionlilic 
I mmriur inC onli'to^n^i .n y rbytlu>Io>;y."/'^'»jrM(<iM holi\\^i^l , 
Vol 2r>no70)pp 10\l 1,018; SM L.iw.ini. ■Cjldlion An.ilysis 
Jjul \\\v Qvuility bl ScitMililic Tioiliu livily," Iho^twun, vol. 27 
(ItHul.iiy. !^>77). pp. 2o-3l; .irul SU'plicn C oK*. "SiKMilitK 
Kcw.u J Sv^lcnis; A t'onip.ii iilivr An.ilysi>," in Robi'M Alun 
loiios U\\ ), Rv-^ciiuh lit ihv S^iolo^u of Kjnn^'/ci/.\'i . Sicfhf. nnd Atl 
(CitHMUviili. Conn Viv^^, 1078) ^ 



increased slightly frpm 1973 to 1977 indicating 
that foreign scientists and engineers were 
making relatively nv^re use of the U.S. literakure. 

Over the same period, the Influence of ,U,S. 
engineeiMngand tKhnoltf^yhteraturegrewfrom 
II percent to f8 percent more than could be 
explained by the U.S. share of literature in that 
field. The citation ra\io for U,S, mathematics in 
the vvbrld literature also rose fi*om 14 percent to 
20 percent above what could beqxpected, but this 
vAias due in paH to the decre^ise in the U-S. 
proportion of the world's influential mathemat- 
ics^ rHeles; ' ^ 

Theviiiost influent)^)! U.S .fitMds are chemistry 
and physics, which in 1977 received 4i and 31 
percent more citations from noJrvU.S. articles 
than the U.S. proportion of literature would 
explain. Based on this indicator, the least 
influential U.S. fields were bicilogy, psychology) v 
and engineering, all of which, nevertheless, had 
an' influence in the foreign literature at lea?T^ 
proportional to their iihareof the world's articles. 

Foreign Patenting 

Patents represent one tangible output c^f 
research and development. Aggregat6 patent 
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sl«itistic>5 are often mvd lo make comparisons bf 
inventive activity.** Patents have an advantage 
over other 'outout pleasures of inventive ac- ' 
tlvlties in that - they are available for many 
different countries, in great.er detail, and over 
. extended periods of time. Because a patent i.v 
oft1|n a prerequisite for marketing or manufac- 
turing a product or licensing a process, foreign- 
orfgiii patent counts may also be interpreted as 
reflecting expected future l eturnsoninvesiment 
#n R&D. The propensity to patent in another 
country is probably relatt»d to the^ perceived 
-potrntiBltif the mnrket in tliat.count^^^^ — 

Many facjors influence pt\tent ac.tjvity. For 
instance) ncvt all new ideas or inventions are * 
patented, and thqse that are do not necessarily ^ 
represent the" same level of inventive input or 
economic value. ' * Patent laws and practices iVe 
not always uniform across countries and may be 
subject to change. For instance, filing re- 
quirements such as the rigoi^of te^ts and criteria 
for novelty may vary from country to country. 
The extent and effectiveness^ of protection a 
^patent receives.. and the propensity to protect 
inventions* through the use of patents also vary. 
Foreign-origin patents, however, must meet the - 
same requirements of novelty as domestic-origin 
patents and therefore repr^^sent approximately 
the same degree of originality in a given'^ountry. 

U S. pateiU<j granted' to U.S. citizens and 
organizations decreased 26 perceht during the 
t97r-77 period, whereas foreign-origin U.S. 
pateMs i/creased 16 percent between 1971 and 
197^nd decreased 8 percent in 1977(figurel-8). 
Thus, the proportion of foreign-origin patents of 
total U.S. patents"^ increased from 20 percent in 
1966 to 36 percent in 1977. The increases In 
foreign patenting in the United States were due^, 
largely to the increased patent activity of two 
countries— Japan and Vyest Germany, which 
represented 23 and 26 percent, respectively, of all 
foreign-origin U.S. patents in 1977. 

Foreign patent activity in the United States has 
been related to both incfbased foreign inventive 
activity and to interest in the U.S. market. For 
e\ample, foreign patenting activity in the United 
States for selected OECDcoun tries is significant-- 
ly correlated with their industrial R&D. This 
correlation is especially high for the manufac- 
turing sector as a whole and for the chemical. 



^ ^ For a deliiiled discussion of the significanceofptUenls and 
iheir Use «is iin oulpul iit'dicalor, see ihe chrtpler on Industrial 

See the section on patenls in ihc chapter on Industrial 
R(i,D for a detailed discussion of ihose factors. 
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electrical^ and electronic, and nonelectrical 
njachinery industries. Oyer half of ali industrial 
R&D occurs in these three industries. For 
instance, correlations of the patenting activity in 
the United States with the export performances 
of 10 OECD countries show significant cor* 
relations between patent activity and export 
shares, thereby suggesting that invention is an 
important eleinent ih international com- 
petitiveness, particularly .^in chemicals> capital 



goods, and durable consumer goods.**** However, 
in terms of patent applications and patents 
granted, Japan is the only country examined that 
?ias shown substantial increases in its *own 
(iomestic patenting activity. 

T^he increase in foreign patenting in theUrfited 
States also may have been influenced by certain 
attractive characteristics of the U.S. patent 
system. U.S^. patents provide protection for^the 
introduction of a technology or product to the 
large and homogeneous' U.S. marlfet, whereas 
patents granted in another countrj^ may repre- 
sent protection in a smaller market area. A U.S. 



patent does not have 'working ' requirements,*^ 
whilethos^grari ted by most other countries do. A 
U.S. patent is not barred by publication or public 
' use of the invention less than a year before the 
filing date. In the United St<ites, new chemical 
compounds are patentable, whereas in many 
countries patents can protect only a particular 
process. There are no maintenance fees charged 
after issuance of a U.S. patent; yearly taxes must 
be paid in most foreign countries. 

P^enting by U.S. corporations has decreased 
for reasons not* completely understood.*^ One 
hypothesis is that there has been a decline in 
inventive activity in the United States. However, 
it is thought by some that an increasing number 
of invehtions ^are not being patented.*^ It is 
possible that an increased emphasis by U.S. 
industry on short-term payoff and cost-cutting 
research rather than on long-term basic 
research^^o has led to more process rather than 
product innovations. Since it is generally believed 
that j:>rocess inv.entions are less likely to be 
patented than n<&w products, it is possible that 
this change in research emphasis \as led to the 



increased use of trade secrets and decreaMd 
patenting activity in some indu8tri€;s. However, 
since the drop in U.S. domestic patenting has 
occurred in almost all product fields^ it may well^ 
be that a decrease in the ra\e of production of 
inventions by U.S. industry has aibtually oc- 
curred. 

Foreign-origin Patents by Product Field. 

Foreign patents account for between one-third 
and one-half of all U.S. patents across a wide 
spectrum of fields (text table 1;3). However, 
many of these foreign pa tents areassigned to U .S. 
companies or individuals and are thus available 



for use by their U.b. owners. For instance, 
although 35 percent of all U.S. patents irt the 
communications equipment product field had 



Keith P.WiH .ind Luc Socio, "Innovnlive Aillviltes and 
Export Shares: Some Comparisons between hidustries nnd 
Countries." in K. Pavitt (ed.), Tethttical Ittnovafiqti nmi BrrVi^/i 
Ltouomu\Pnion)iam'c (London: MacMillan), (forthcoming). 

Appendix tabl't 1-13, and Dennis Schiffef and Carole 
Kitti, "Ratios of hiventlon: hiternational Patent Com- 
parisons." Restanh Polity, vol 7 (1978), pp. 324-340. 

Working requirements entail the actual utilization .of a 
patent, for instance, for production purjK>se5. ' 

See the section on patents in the chapter on Industrial 
R&D for a more detailed discussion of jhis topic. 
' William D. Nor^haus, ItwettfiotL Crowfh iitul Welfare; A 
Theoietiu}! TreiUment of Teij^ji^^U^u:^ Change (Camb^ridge. Mass.: 
Massachusetts Institiiteof Technology Pfess, 1969); L.James 
Harris and Irving H. Sieg^l. "Protection of Trade Secret$: 
Initial Report/' IDEA, vol. 8 (Fall 1 964 ), pp. 360-376. The latter 
reference suggests that evidence on shifts tovy^ard trade 
secrets has been largely anecdotal. 

See the section on basic research in industry of the 
Industrial R&D chapter and Snpiuyrl of QaaU Rvseahh />y tfidnsfry 
(St. Louis, Mo.: Industrial Reseaiseh institute Research 
Corporation, 197ft), p. 43. 



^' Sec the sectio^i on patents in the chapter on Industrial 
R&D ' . 
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foreign Inventors, more than 15 percent of these 
foreign inventions are owned by U.S. companies 
or Individ uajs, It is also possible that 1J,S. 
raboratory facilities abroad supported the R&D 
that Resulted Jh the paVented inyenfion; U.S. 
affiliates abroad can assign patents for inventions 
produced in their firms abroad to the U.S. parent 
company. About 12, to 15 percent of all foreign- 
origin patents in the fields of chtjmicals and drugs 
and medicines are U-S.-owned; this high concen- 
tration may be related to the l;irge U.S. invest- 
ment and research activity of the chemical 
industry i n foreign countries.^^ 



Foreign participation in U.S. patenting activity 
seems to be highly concentrated in a few 
countries. For each ma|or product field, over half 
of the foreign activity from ^1963 to 1977 can be 
attributed to only three countries (figure 1-9). 
Nonelectrical rqachinery and chemicals except 
-drugs and medicines are the two product groups 
in which foroign-origin patents are most often 
, granted; they represent 44 percent of all foreign- 
"ijrigin t)atents in the United States granted 
during the period. ^ 

Since 1963, inveif^tors from West Germany have 
received the la'r^st number of foreign-origin 
. U.S. patents (83,220). In fact, among IJ.S. 
foreign-origin patents, West Gernjany was first 
in 1 1 of the lj.5 majof product fields and second in 
the remaining 4v West Ger^man patent activity ivt 
the United States has been concentrated in the 
nonelectric^il machinery and in the chemicals 
except drugs and medicines product (groups; 
these two product groups represent ainnost half 
;ofalI WestGermanpatentsgranted by theUnited 
States. , 
}apan ranks second in the nUmber of total U^S. 
J^*s ftfanted to fqreign inventors between 
^ 1977 (61,510). japan has the largest 
^number of foreign patents in three product 
•groups—communication equipment and elec- 
" tronic. components, food and kindred products, 
and primary metals— and is second in an ad- 
ditional/ five produ(;t categories. Like West 
0?rnnany, the product groups in which Japanese 
* investors have been granted thelargest numbers 
of U.S. patenJts are nonelej&trical machinery and 
chemicals excepf drjjgs and meditines. Since 
1970, Japan has dramatically increased its patent 
activity by over 100 percent in every p/^oduct field 
except the two areas in which it ali;eady had a 



>2 In 1977; the U.S. > direct investment position In lly* 
chemVcal ^^d allied product industry Wiis $ 1 3.4 billion, iind the 
industry Is one of the major U S, performers of research 



Figure 1-9 

Concentration of foroign pattnting^ tho 
United States for the three most aetlve 
\ countries in each product field: 1963*77 
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pEFERrNCr Appendix mt M3 5^,^^^^ ifldlcitors 1978 



hbroaii (Sec text t.ible 1-4). 
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IcU'gc conrenh'iUion of palonts.*^^ Thj.s finding Is 
significant in thai W »ei»m8 to dispute the 
widespread belief that Japanese R^D efforts are 
narrowly focused on specific technologies. As 
noted previously, a nation's propensity to ptitont 
in another country tnay be influenced by the 
perceived potentiiil of th(MYrrtrket in that country. 
,TKis assumption se4;ms to bo valid for Japan 
because increases in patenting activity in the 
l^>7Qs correspoild to the giowth of Japanese 
exports to the United States of R&D-inte,nsive 
manufactured products.*^* 

/ The UfiiU'd KiMx</i>m racked third in the total 
" nulTibtM' of forn 

the petroleum and natiual gas extraction and 
refining product group. In six other product 
groups, the United Kingdom was second (to West 
Germany) in the number of U.S. foreign-origin 
patent^ granted to its inventors. 

U.S. P^ileiiling /Vbroad. U,S. patenting has 
decreased abroad as well as at home (figure 1 - 10); 
the U.S. proportion of foreigp-oi igin patents in 
fither ci>j,intries remained constant only. in JapaiT 
and SAvitzerland.5-' From 1966 to 1976; U.S. 
patenting activity abroad declined almost 30 
percontMn ten industrialized countries. How- 
ever, nH>sti>f this decrease occurrjCcWn the United' 
Kingdoni and Canada. The U.S. proportion of 
foreign-fiVigin patents granted by the United 
Kingdom decreased from 44 percent in 1969 to36 
percent in'1976,-'^ In fact, the actual number of 
patents granted to U.S, inventors by the United 
Kingdom has declined 22 percent over the period 
1966 through 1976. The U.S. fraction of foreign- 
origin patents granted by Canada declined from 
72 percent in 1966 to 6l percent in 1976, 
representing a decrease of 25 percent, in the 
absolute number of patents granted. There was 
also ^a sharp drop (25 percent) in the absolute 



loinmunic .ilion rijuipnu'iU (81 piMVoiU) and looci .uui kituimi 
piHHiuilH (7w^ percent) 
Sit fiyun i' 1 - 17 , 

Pat(MUs arc ^>ranli'J livimliviLiu.ils i)r*i)rg.ini/alions, not 
lounlrii's. Hovvover^i to simplify \\\v Jisiussion. 'lOunirS' 
pa I ml lovints ami shares are used 'w> ^ 

•'t^VVi'sl t.ermany. lapan. United Kingdom, 

Swil/ri land, C anada. Hely»iuni. Denmark. Ireland, Luxem- 
bourg;, and the Nelherlands/C^Miiparable data for Italy arenol 
available. I\ilent.s granted by I ranee are not iiu luded because 
ol wide (KiUuations in ['reiuh patents granted to foreigners. 

' The U S proportion of foreign-origin patentsgranted by 
lIu' United Kingdon^ lannot hv determined for I'-H^o due to 
data limitalions 




number of Canadian patents granted to all other 
foreign countries after 1972, 

The decline in foreign patenting activity by the 
United States may be partially for the ^ame 
reasons postulated for the decline in domestic 
patenting; that is, it could ^e due to a decrease ii^ 
U,S. inventivjeactivity relative toother countries, 



^" This reduction may hAve been i.i used indirectly by new 
control^ placi'd on foieign companies in C anada. I be bigli 
degriir of U S. patent aitivily in C anada lias been influencyd 
by tlu» amount of U S dn i»i t iiUM'stnu'nt and picvious relative 
eas/ of obtaining a patent in C anaila 
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an iiurcottod propcMiyity to use trade scvrots 
insltMd of paliMits as form of intellectual 
properly protection, or low expedations of 
economic returns ^ . ^"^^X*^ 

Another plausible ^factor influencinK inter- 
national patenting is the advent and spread of 
multinational corporations. U.S. -based itnij- 
tinatiohal companies may opt to patent in the 
United Staler or ha>)e th^ir subbidiaries pa1^<yit 
abrpad. In the latter case, the U.S. subsidiary 
assumes the o*itionality of the host country and 
,thus the patent would ho registered as a domestic 
patent in that country.-'^ In additioh, someof the 
TiuTiM^lliaTTmlsi^^ 

attractive niivy act as adeterrent tofprei^n patent 
^^filingby U.S. companies. For instance, theUnited 
Kingdom, West Gerntany, Switzerland, and the 
Netherlands require that patents bejenewed 
after an initial period by the payment of 
maintenance fees; some countries have re- 
quirements that patents must be used 
domestically or rights to them be relinquished; 
British patent law requires that a patent must be 
worked within 3 years of issue if it is to remain in , 
fore e; a n d t h e cos t s o f o b t a i n i n g a n d m a i n t a i n i n g 
patc^nts in some countries may be expensive for 
some companies, given the small maVket in which 
the patent is protected.**^' 

Patent Data Overview. Foreign patenting In 
the UnitedStatesgreatly increased between \9b6 
apd 1977, but most of this growth was due to 
increases in U.S. patents granted to two 
countries— J*^P«^" ^^"d West Germany. One 
reason for the increasrtii^ foreign pa ten ting in the 
United States may be increased foreign inventive 
activity. Other reasons may heeconomicinterest ^ 
in the U.S. market or the existence of fewer 
restrictions to filing .1 patent in the United States. 

The two countries responsible . for the lai gest 
growth in foreign patenting in the United 
States -Japan and West Germany— are the very 
.countries which have experienced the largest 
growth in R&D.investments. These two coun- 



•** I Xu.i on rny.illu»s .iiui f(»i»s »»lu>\v ih.U iiMMfiK h oin U S 
Milv»iili,iri(»s D.ul luu't* tnuMi iiui (Msui)', Si»rii)\im- I I,^. 

\\\\ny\ patent .ipplii.itions on tlu»sarnoin\'i»nlion in dittorcnt 
uninliu'ii. 1 lu» tt (MU' went into (»poi .ilion ni luno l*5?i^.inil 
lUi Tonl^ly has I^^ nirnilnM st.it(»s, inv. Iiulin)\ tlu» I'mtoil Slates, 
tlu* Sovi(»t Union, |-rann\ Wos! Clnniany. I u\(Mnlnnn>\. 
Swvdon, Swil/(M*land, iUv Unitinl Kni>'.iloni. lapan. Mra/il, the 
C.on^ral Afric.in Lniplir, Sonc);al. MaJa>\a'^uir, Mal.iwj, 
CanuMoon, tin* Ropub>ii of ( li.id, roj-;o. anJ Cuibon 



^ries are also undeniably interested in expanding 
their economic activity with, and in, the United 
States.^* It is not clear if growth in foreign 
j>Monting in fhe United States by Japan and West 
Germany isdirectly relatedtoincroasesin foreign 
inv<»ntivene8s relative to \hv United^'States. In a 
period when U.S. domestic patenting was declin- 
ing, only japan showed substantial increases in its 
own domestic patenting. There is research to 
support the link between industri^il R&Dexpen- 
difuresof fore^gncountritteand theirpatentingin 
the United States. Between 1967 and 1975, 
industrial R&D investm%MU of foreign countries 
*aTid if in r palelTlln^T*^ c t i v i ry"mTh^UTiTlT^^ t a t es 
showed similar statistically signific'ant patterns 
when comparing chemicals, electrical and elec- 
tronic products, and most nonelect rical 
machinery product fields. The greatest rate of 
increase in both foreign industrial R&D resource 
inputs and U.S. patenting activity occurred in 
Japan, followed by Sweden and then, as a group, 
Italy, France, Belgium, and West Germany. 

U.S. patenting abroad has declined both in 
absolute terms and, insomecountriesjn termsi^ 
the U.S. proportion of patents granted* to al 
foreign inventors, but patents granted to the 
United States decliiwd sharply in only two 
countries'-- the United Kingdom and Canada. 
However, for these two countries, thenumberof 
patents granted to U.S. inve^ntors was much 
larger than the number of p^jtents granted by the 
United States to their inventors. The decline in 
U.S. patenting abroad cpuld be attributed to a 
number lof factors, including (1) a relative decline 
in the U.S. inveiUive activity, (2) the spread of 
lJ*S--based multinational corporations, and (3) 
low expectations of economic returns from 
foreign markets. 

Productivity . , 

l^ici?iMich and development are generally 
coi^idered to be important factors related to 
iiureaseii productivity and economic growth, 
even though the extent to which RmSi1> affects ^ 
productivity and growth is still a topic of research. 
The United States has experienced a lowering of 
the growth rate of manufacturing productivity 
over the past decade, while many other nations 
have imreased their'productivity more rapidly. 
Concern has been expressed that a slowdown in 
U.S. productivity rates bodes ill for oui* economic 



Svc i1h» ')Vk tion o\\ intiM national h .ulr in this i li.iptri 
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posiUon .ind tliAt this nlowdown mny be duo in 
4part to ti WiUiing U,S, ability to innovate.*^^ 

Productivity is commonly measured by output 
per worker-hour. FlgureJ-tl shows trendsof the 
reliUivo chanRCS in oVitput per worker-hour for 
individual countries; it does not permit com- 



In/iin>/ov*y. Tnii/i". ami thv (/ / {jwioiny, ( W,ibhinKlon, D C .: 
Naluiu.il Ri'soaich C\>umil; 1*^7^4). pp 70; rtiid St,U«'nu'nl 
by IJmor h Sta«its, ComplrolU'rCinwriil of [\\v UnUi'd Sloirs 
M hvAihy^H bvUnv ibv Subcommince on I'loduttion and 
St«)bili/«Uion oi tlu* C ommittoc on Bankin^^. l inan^r and 
Urban Affai rii, UJ?. j ious t' of Kopr cHrntiUtvo s.Si'ph'nUMM I 'I , 
1078 ' . ' " " ' ^' " " ""^ 




pai'liions of actual productivity levels bet>yeen 
countries. The United States had the. srtiallest 
gains in productivity in the past^decade among \ 
these countries (26 percent), japan experienced 
the la!;^est productivity gains oyer the same 
period (99 percent). 

Prc>ductivity trends in the 1970's have beej;i 
greatly affected by- the 1974-75 worldwide 
recession when' productivity fell and GISP 
growth slowed in most. countries. The recent 
pattern- exhibited by most^. coimtries has been 
typical of periods following recessions; produc- 
tivity usually advances sharply in theearly staf ^e!^ t 
7>f recovery and~fhen slows as existing capaoYy 
becomes nK>re fully utilised. Except for Canada, 
each of these coimtries experienced a substantial 
slowdown in productivity growth compared with 
1976, the first full year of worldwide recovery 
from the recession. Most countries reduced 
employment hours as Output slowed, thereby 
assisting their productivity growth rates. The 
United States wasthe only country to show solid 
gains in manufacturingempjoyment and hours in 
1976 and 1977. f. 

Part of thecoimtry differences in productivity 
gains may stem from*lhe fact that the United |t 
States is at a much higher level of national * 
production ^han other coimtries and thus may 
possibly be experiencing the diminishing rate§ of 
retin n effect often associated with an increasing 
Scale of economic activity. Japan has the highest 
productivity growth rate, but its productivity 
level is still only about two-thirds the U.S^ level,**^ 
In 1977, the U S, producti<^ity level was still ' ' 
greater than all other countries under com- 
parison. 

The current slowdown in U.S. productivity 
growth contrasts sharply tc^ the impressive gains 
made in the two decades after World War II. 
However, the pojit-World War II growth rate is 
viewed by many as u'nusually Ijigh in U.S. 
historical terms and largely a result of the 
rela+iv<^ly *good position in which the United 
States foiind itself after the war. Capital expen- 
ditures of t^n embody new technologies and may 
be related to R&D advances. Reluctance of UtS. 
industry to invest in.the latest technologies, new 
equipment, and plants (due in part to the 
|:JVes8uresof inflation, interest r^ates, government 



Arthur Nt»ef nnd Walter LarHon, "IntiTnational Cnmi- 
pat isons of l^'odvu tlvity and Labor Cotita Trondsin ManHifac- 
luhng/' Nvws, l>partmejU of Labor (USDl 78-443). 

^' KvWh Daly and Arthur Noof. "Productivity and Unit 
Labor Costs u\ II Industrial Countrirs. 1^77/' Mouthly I tihor 
Rmciv. vol 25 (Novombrr 1078). pp. 12-14. 
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regulation, and tax policien) is se^n a» a r^ajor 
cause of the U.S. productivity slowdowiv^*^ 

Investments in R&Dand technologicalinnova- 
tion have positive, long-term effects on oroduc- 
tivity and ecoi^omic growt^h (^ol^ though many 
other factors also infUience procluctivUy.^'^Many 
studies have tried to link R&D and econpmtc 
growth from various aspects;^'^ however, thpse 
studies face several forhiidable conceptual and 
empirical^ problems. These include insufficient 
understanding of the w*ay in which research is 
translated into technological innovation and the 
way the resulting innovation thep influences 
productivity or economic growth. The nafure of 
this process is complicated by the long and 
variable time lags between stages. Other major 
problems im lude difficulties in measuring Inputs 
and outputs in fj^eneral; difficulties in isolating the 
positive and negative effects of specific factorson 
outpi^t* growth; defining the appropriate time 
horizon to examine the expected effects; and 
dlfflcultes in selecting payoff criteria. 

It is difficult to quantify the contribution of 
research and development to productivity and 
econornic growth. However, the conclusions of 
the studies that have focused on various levels of 
aggregation (e.g., innovation, firm, industry, and 
economy) together give strong evidence that the 
contribution of R&D is importajit and that the 
rate of return on investment in research and 
development is at least as high or higher than 
other types of investment.**'' The current sloyy- 
down in U.S. productivity growth is due to a 
variety of factors; one of them may be the fact 
that national R&D expenditures in constant 
dollars experience^littleor nogrowth from 1968 
to 1975."^ !£ the United States had continued to 
devote at least the same fraction of national 
resources to R&D<ad it did in the 1960s, U.S. 

fjroductivity gains might have b^en greater. It is 
ikely that the increases in R&D investments in 



Japan and West Germany have been positive 
factors contributing to the large productivity 
gains in those countries. 

Intcrnatlon*'^!' Technology Transfer and Trade 

The international transfer of technology and 
its effects are presently being debated. Inter- 
nationaldiscussionshayecenteredon therespon- 
sibilities of industrialized nations to developing 
countries. Domestic debate has centered on the 
type and cimount of technology desirable to 
transfer, the probable overdll impact on the U.S. 
-^cmomic-ancf strategic posit ioDMind tl 



restrictions. Another issue is whether tec)inolo~ 
gy transfer can and should be used as a tool for 
implementing broader foreign policy coricerns. 

The proponents of strict control of technology 
transfer claim that the United States is un- 
necessarily disseminating its technology, wKich 
they say nas often resulted in loss of markets 
(both abroad and don'\e6>ic). They argue that U.S. 
capital investments abroad result in thelossof job 
opportunities in the United States, These factors 
are felt to be detrimental to thp U S, economic 
position;-in the case of trade with the Soviet 
Union, China, or Eastern Europe, the transfer of 
some technologies is considered to be harmful to 
the U.S. strategic position. '-^^ 

Those favoring the unrestricted transfer of 
technology point out that it is virtually impossible 
to restrict technology, and that if the United 
States does not provide requested services and 
product's, other countries will enter thctee 
markets and benefit from the sales. Alsd; the , 
growth of information and knowledge industries 
has made it increasingly possible toarguethafc4he 
United States has a comparative advantage in 
exporting scientific and technical know-how in 
llpu of goods. Furthermore, sales abroad help to 
finance domestic R&D and the development of 



|ohn W. Kondrick/'Pi odiK livily Trends .in»1\^\>spi»i ;ts." 
Tvihtwloi^kal lunovatiott mi UotwmK Dvvdopmn\t:}hslhUS. L^stiti 
Ihe ImhiUm? Proceedings on .1 Symposium on TechAoloRiail 
lnnov4ition (WinhlnHlon. DC ; Energy Reseiirch ^^^u^ 
Development Adminlslriilion \^7b), pp. 13*32. 

These factors include improved Kibor skills .ind educa- 
tion, incroiises in c.ipit.il intensity, improved org<uu/»ition of 
production, Imported technology. »Mui chiinges in the socl»il 
barriers to economic efficiency. 

• For extM)ipk>, see NSf Collotiuium ou Ihe RvhOhmhip BctUwi 
K^D Returtii from Technoh^^. M«iy 21, 1977. N<itioniJr6(%nce 
Koundtition (forthcoming). \ ■ 

NSf Collot^umn ou the MlaUimahips between R^^Dattd Lotwmif 
Crowth/Pmluctivity. Nowmbor 1977 (forthcoming). 

See figure 2-1. 



■ ' Ell/.iibeth )«iger. "Trends in the lndustri»il Sector." 
Si»ssion oiv^* Ihternationnl Trends in Applying Science^ind 
Technology: Problems, OpportunltiesandPollcit^'s, American 
AsuQci.ition for the Advancwnent of Science, Annual 
Meeting. Washingtoiv D.C., Febru.ify 14, 1<?78; and IIS.^- 
Techtwh\^\f DOD Perspeitive: A Report of the Defense i^i iemeSoarJ Task 
hone on Lxportol Teihnoloj^y. Department of Defense. 1^76. 

fiiiton Alfectitij^the htternationtil Transfer of Technology Amofi^ 
Developed Couutriei^, Department of Commerce. ipvoAsOVvv^V^ 
Steele, Statement before Joint Hearings of theSuwommittce 
on Banking. Housing and Urban Affairs and /ne Subcom- 
mittee on Science, Technology, and Space of the Cornmittee 
on Commerce, Science and Transportation, U.S. Senate, May 
16, 1978; and 7V(7nio/oj?y Tnifisfer and the Developing Countries 
(Washington. D.C.: U S* Chamber of Commerce, 1977). 
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'new products. In addition, capital Investments 
overseas often cjeate new markets that are 
sometimes inaccessible to export trade due to 
import restrictions. 

The extent of technology being transferred Is 
diftlv oli to mf ^sure. A recent ad hoc Meeting of 
Experts on the Measurement of Irfternational 
Technology, held in Geneva in F.ebruaiy 1977, 
concluded that 'Technology transfer is said to 
have itaken place when the recipiept applies 
effectively the technology supplied by the donor. 
Up to the point of^effective application, only an 
information ^^^^ "^|^^^ T e^a^iaTutil 

technology further complicates efforts to quan- 
tify thes^ (activities and points out s^twe of the 
uncertainties of technology transfer. 
V Technology can be diffused or transferred in a 
variety of Ways, The unobstructed exchange of 
scientific and technical literature is one of the 
main channels. I^xchange of know-how through 
personal contacts—including training of per- 
sonnel, permanent or temporary immigration 
and emigration of scientists and engineers, and 
attendance at technical meetings and 
conferences — is another important means of 
transfer."*^ Embodied technology is exchanged In 
the form of exported or imported j^oods and 
services. A holder of a patent or trademark may 
license the u^e of this intellectual property to 
another party; o,r a firm may make a direct capital 
investment *in another cpyntry and transfer 
know-how to its sijbsidiary. Licensing and direct 
investment are major channels for the transfer of 
teclii)iology^ by American firms. This section 
describes technology ' flow indicators such as 
for<?ign direct investment, and receipts and 
payjments of royalties and fees. The ability to 
assess completely the magnitudeand significance 



tdwin Mansficki "Returns from Industrial Innovation, 
International Technology Transfer and Overseas Research 
aijd pevelopnicnt/' NSF Colloquium on the Rdutionship Ikiwmi 
R^jDiind RvtuniAfYofti l\*ihiolo,^y, May2 1 , 1 977, National Scieni: 
Foundation (forthcoming); and Edwih Mansfield^ Anthon 
Romoo, tind Soimuel Wagner, "Foreign Trade and U.S 
Research and Development/' Th Rmew\ of Eionomk^ ami 
S/rt/is/iU. vol. LX! (Februtjry 1979), pp. 49-57. 

Report of thv Ad Hoi Mvvtini^ of Experts i)« the Meiwtremmt of 
/H/rrrmfiomW 7cf//ri()/()\fv Howh. United Nationti" Economic and 
Social!Council (SC.TECH./AC.7/2:CES/AC.33/26) February 
24, 19{^7, p. 2. • . . 

What is generally termed "technology transfer" should 
be mote appropriately labeled "technology flows." None- 
thelessl since "technology transfer" h%s become a general; 
i/.ed teilm, we use it here. 

S^*^ tlu» section of this chapter entitled "Cooperation and 
InttTfacWon" for treatment of some of these types of people- 
oriented exchanges. . ■ 



* of techn6logy transfer is in an early stage of 
development. Thus, ihese measures are only 
rough indicators of rhe scope apd direction of 
techrjology transferVecause little is known about 
its entire magnitude \(id sighificanctt. 

Royalties an^ Fees. U.S. receipts and payments of 
fees and royalties are commonly used as in- 
dicators of U.S. technology transferred through 
the sale and purchase of technical knovy-how^ 
patents, licenses, manufacturing rights, and 
similar forms of intangible property. Royalties 
are pdymentd for the use of copyrights or 
trademarki)^ and licejislng fees are charges'for't'l" 
use of a patent or industrial process. U.S. 
transactions in these areas fall into two 
categories: those associated with U S. direct 
investment (i.e., between U.S. firms and their 
overseas subsidiaries) and those between in- 
dependent organizations, called "unaffiliated 
transa.ctions.'' Unaffiliated receipts and 
payments are more likely to.reflect the true value 
of the technology transferred because the t^rip^ 
pf ajgreement betvyeen affiliated firms can be 
influenced by corporate considerations other 
th^an the actual value of the technology con- 
cerned; for example, multinational companies 
could use royalties and fees as a means of 
transferring profits. It rsnonetheless essential to 
examine direct-investment-related receipts and 
payments because most license agreements are 
d i rec t -i n ves t men t re la ted (over 80 pe rce n t ), A I sO/ 
it is necessary to look at both categories of 
transfers because' the econonjjic or technological 
development strategies of individual l^ions may 
influence the type and volumeof transfer activity- 
preferred. For instance, most Japanese bUsiiless 
agreements occur in the unaffiliated category, 
^but those of Canada are associated largely wi,th 
direct investment. ' 

Several caveats should be mentioned. Receipts 
and payments^data do not indicate terms and 
conditions of license contractual agreements. 
Pecause payment are usually spread over time* 
data for any gi^n year reflect returns on 
cumulative, as vyJ| as annual, transfers. How- 
ever, because payments are usually proportional 
to use, current payments do provide some 
measure df the current use of transferred 
technology. These data reflect changes in both 
tht value and number of technology transfer 
. transactions, but the relative influences of these 
twofactorscannot bedetermined becausedataon 
the number of transactions are not collectecj!! The 
data include receipts and payments for transac- 
tions that do not strictly involve technology; for 
example, a considerable part of these royalties 



and fees are for acce»4 to trademarks (although 
trademark rights are usually tied to quality 
control restrictions on production processes and 
so arfe linked to technology). 

On the whole, "the United States dells Yftore 
technical know-how than it buys (figure 1-12). 
Over the past decade the balance increased at an 
average annual rate of about 10.5 percent. This 
growth in the baUnce^^ of receipts of royalties 
. and fees largely reflected transactions between 
U.S. firms and their subsidiaries abroad. Not only 
do about 80 percent of all such transactions tiike 
place between affiliated firms, but their net 
receipts ofToycrtttcs and fe^s haveexpartdedrnore 
rapidly fhan those from unaffiliated firms (11.3 
percent average annual increase ^or^ affiliated 
receipts compared to about 9.5 percent per year ^ 
, for unaffiliated receipts). U.S. payments for 
transferred technology, although still only about p 
one-tenth as large as receipts in 1977, have 

' increased since 1966 at an annual rate of 11.1 
percent. Much of the recent growth in U.S. 
payments for foreign technology is due to the 
increase in direct foreign investment in the 

^ United States, 



7^ Receipts minuH payments. 




|J.S, technology has been highly sough thy, and 
transferred to, Industriali^^ed countVlifs, par- " 
^lcularly^WesternEurOpetriguresl-13andl-14). 
lnl977,morethan6ppercentof theafflliatedand 
the unaffiliated puVcnases were made bv In-^ 
dustrlallzed countries. Almost half of all technol- 
ogy transfers w^nt to Western Europe (about 49 
percept of dlrect-lnvestment-related royalties 
and fees and 43 percent of unaffiliated receipts). 

Japan has traditionally purchased U.S. know- 
how via unaffiliated sources, since direct foreign 
investment has bfeqn highly discouraged by the 
Japanese Concernment. In 1977, Japan was 
Tosponsibk^r^e-pyrce n t of ail unaffiti at i^ d U.6; 
receipts for royalties and feesas compared toonly 
8 percent of the U.S. direct-irtvestment-related 
transactions. There has been a recent increase in 
the importance ot direct-lnyestment-related 
technology transfers in japan. In 1971, direct- 
investment-related purchases of U,S. technology 
represented ojpily about30 percentof all technolo- 
gy transfers from the United States. In 1977, 51 
percent of all Japanese purchases of U.S. technol- 
ogy through licensing agreements were related^ 
to direct investment. This reflects a liberalization 
of Japanese policy toward foreign capital inflow 
that occurred between 1971 and 1974. 7» How- 
ever, a significant proportion of all unaffiliated* 
U.S. technology transfers are to Japan; because 
there is likely to belesscon trol over the utilization 
of technology transferred' Jo an independent 
party than to a subsidiary, unaf^^^^^ 
ta Japan may have lead to greater economic 
competition. , . 

Most olf the U.S. receipts of royalties and fees 
from Canada ai'e direct-investment-related, 
indicating th^HxS. firms transfer technology to 
Canada principally through their subsidiaries. Of 
total receipts frogi Canada in 1977, 93 percent 
were direct-investment-related and only 7 per- 
cent were unaffiliated. U.S. know-how is also 
most often transfei-red to developing countries 
via direct-investment-related transactions. In 
1977, licensing. agreements between U»S. firms 
and their subsidiaries accounted for 84 percent of 
total U.S. receipts from developing countries. 
Since 1970, unaffiliated receipts from developing 
countries have increased 106 percent and direct- 
investment-related receipts have increased 62 
percent. 

• An overview jof royalties and fees data shows 
that ^earnings f rOm technology licensing 

Consultations with Dr. Terutomo 0»;awii, IVufessorof 
International Econuttiics, Colorado State University, and 
with representatives of the )apan(»se Embassy, Washington, 
DC. 
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agreements by U.S. firms have been increcising, 
and U.S. technology transfers to other parts of 
the globe seem to be growing. If this indicator is 
viewed as a rough and partial measure of the 
value. or salability of the total stock of VS.. 
technology, then there does not appear to be a 
decrease in U.S. technological earning power. 
Technology transfers ar^ predominantly related 
to direct investment, a concentw^tion that ma^y 
Suggest that U.S. firms prefer to retain equity 
Interest in the use of their tangible property arid 
thus maintain more control over its use. 
Arguments calling for restrictions of technology 



transfers often do not consider thiil equity 
control nor the fact that technological ifn~ 
provements as a result of the transfer may flow 
back to the U.S. parent company. Nlevv export 
markets may also be created for U.S. firms 
ttirough licensing agreements. This does not 
mean that negative effects ot} the U.S. econorpy 
cannot occur from technology transfers; in fact, 
U.S. technology i&most often transferred to our 
economic competitors in Western Europe and 
Japan. The existence of a large proportion 6f 
unaffiliated license agreements with Japan may 
have been a contributing factor to our negative 



trade balance with K&D-intensive 
manufactured gpods. 

I 

JU.S. R&D Perfornfiied^ Abroad* Foreign direct 
Investment frequently leads to technology 
transfer, although it is difficult todeterminehow 
much direct investment abroad can be considered 
technology transfer. Furthermore, the extent of 
direct investment abroad greatly affects the 
^^i)\C)unt and value of licensing agreements (as 
disfif^issed in thepreviou6sectloh)and theamount 
of U S. R^&.D performed abroatt'^'^ 
Steady growth has occurred in the U.S. direct 



■ _ _ ^ ^ 

An examination of the R&Dcohducted by U.S. 
affiliates abroad show^s that these expenditures 
haveincreased4lpercent between 1974 and 1977 
(text table 1-4), while domestic industrial R&D 
expenditures ojpd company-funded R&^O expen- 
ditures inc?'^ed only 31 percent over the same 
period. ThiSMTtay indicate that conditions exist 
that favor R&D investments abroad. Hov^ever, 
between 1976 and 1977, R&D performed abroad 
by U.S, affiliates increased at about the safne rate 
as domestic industrial R&D. Moreover, in 
absolute terms, domestic company-funded R&D 
e xpenditures were 13 times ,ftreater tha n the 
R&D expenditures of U.S. affiliates abroad; the 
foreign expenditures remainedat about 7 percent 
of total U.S. company-funded R&Dexpenditures 
throughout the period 1974 to 1977. 

The machinery, electrical equipment, and 
chemical industries were respionsible for the 
largest amounts ^of R&D performed abrtwd. 
Research and development expenditures by the 
U.S. h^achinery affiliates increased 61 percent 
from 1974 to 1977; elec^trical equipment R&D 
expenditures abroad increased only 11 percent; 
and the chemical industry showed a substantial 
increase— an 81 -percent increase in chemical 
R&Dand a 105-percent increase in drug research 
and development. > 

^ Government regulation is often claimed to oe 
one of the primary factors in the growth' of 
chemical industry direct irtvestment and R&D 
abroad and has been blamed for slowing the rate 
of introduction of new ph«rma,ceutical 
products.**^ Changes in regulation do create 
uncertainty and ihcbnsistency which can inhibit 
new capital investment and innovative activity. 
Excessive amounts of documentation required 
for compliance with some regulations can also be 
a deterrent/"^ It is thdught that increases ii\ the 
number and level of sophistication of federally 
mandated clinical tests have led to higher 
development costs. According to one estimate, 

' the average cost of a typical new drug develop- 
ment overseas (United Kijigdom, the 
Nethe!^lands, Sweden, France, and West Ger- 
many) was only $7.5 million, compared to $11.5 
million iij the United States in 1972.»^1tshouId be 
noted, mTCVever, that it is very difficult to 
determine the costs of regulation. Not all clinical 




investment position in manufacturing in- 
dustries^^ since' 1966 (11.0 percent average 
annual growth). In 1977, the U.S. direct invest- 
ment position abroad in manufacturing ' in- 
.dustrios totaled $65.6 billion and was. concen- 
trated in Canada, the United Kingdom, West 
Germany, and France. U.S. foreign investment in 
the chemical and machinery*** industries ac- 
counts for almost half of ' totijh U.S. foreign 
investment abroad by .manufacturing in- 
dustries. ^ 

A recent report describes the international 
spread of production of technology-intensive 
products that took place via UlS. -based mul- 
tinational enterprises in the period from 1945 to 
1975. Preliminary findings show that the rate of 
spread of these networks of subsidiarit?s and 
licensees reached a peak in the latter 1960's, but 
the spread of Such networks continued at a high 
rate in the first half of the 1970's. Those firms 
considered to be R&D-intensive were found to be 
moving the production of their new products 
abroad more rapidly; these firms eventually 
introduced a higher percentage of their total 
products abroad and recorded a^higher average 
annual transfer rate than other firms. 



Rrvori of the Ad Hoc Mtrtiu^^ of Lxpvrh on the Mcasunmvtit of 
Intvniatwtial 7 rf/iM(>/i><v hlows. United N.ilions ttonomic «ind 
Social Council (SC f ECH./AC.7/2;CES/ AC.33/26) February 
26, 1977. p.3t * 

Since most R&D expenditures occur in^ the imnuf.ic- 
tm;jng industries, infornuition on direct investment in these 
industries is provided r«ither th.m total direct investment 
dAtii. 

9^ Includes both electrical and nonelectrical machinery. 
See Appendix table I-2(J. 

One set of data consists of a sample of 180 U.S. -based 
multinational enterprises. These data include ^^ record of the 
spQirifSc product lines manufactured' in each subsidiary. 
Another new set ofdAta traces the spreadof production of 406 
innovations introducedin 1^45or thereafter by 57 U.S. -based 
multinational enterprises. In addition, 548 ''immitations" (In 
the sense that they vyere new to the introducing firm but 
closely resembled the innovations of other firms) were also 
traced. See Raymond Vernon and W. H. Davidson, foreijiti 
^Pnuim tion «/ Technology Ititetisive Prihlucts by llS- hnavd Multinatiotuil 
Enterprises (Boston: Harvard University), (forthcoming). 



William M. Wflrdell and Louis La9agna,Kf^iWfi//oMflMJDrHX 
Dvvclot^ment (Waiihihgton, D.C.: American Enterprise Institute 
for Public Policy Research, 1976). 

Techtioh^y, Trade, and the U.5. Economy. (Washington, O.C.: 
National Research Council, 1978), pp. 63-66. 

»^ Lewl>H. Sarett,"FDA Regulolicuis and Their Influence 
on Future K&D,"KtMjirf/i Mauiij^emfnt. vol. 17 (March 1974), 
pp, 18-19. 
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Table 1-4. ComiKiny RIkP ptrformtd abvoia by fortlgn af jFll(itet of U.S. 
dometUip companln by teltclcd Industry: 1974-77 



lurs. dollariTn mllUonif 



Induftty 



1974 > 1975 



1976 



Tptal,,., 

Food ond kindred products ; . . . 
Chemicnls And afll^ pri»duct9 < 

Drugs and medicineB 
Stone,' clay, and glass products. 

Primary metals 

Fabricated metaU. 
— Ma€hlnery-r^»- 
Electrical equipment and <;ommunication 

Electronic components , 

Aircraft and missiles . . ! ; U ^ 

Professional and scientific instruments ./ 

^Other manufacturing in<!lu$triei^ 

Nonin«nuf«cturing induMries 



$1,064 

la 

158 

76 
7 
3 

{') 

2sa 



$1,211 
13 
215 

. 130 
• 7 
9 

w 

■ 33L- 



$1/377 
16 
254 
*146 

• W 
12 
22 

352u. 



$1,499 

266 
• 156 
(0 
11 
25 

416! 



228 
4 
9 

39 
341 

3 



232 
7 
5 
49 

346 
4 



,263 
9 
'5 

398 
4 



253 
9 
6 

421 

8 



» 1974 dAta are bftscd on data obtained. o^ily from the top 200 U.^. R&D-performing 
companies. ) 

2 Not separately avai|abie but.included in the "Oth^r manufacturing industries" group. 

SOURCE: National ScijfnceFoundation/'U.S. Industrial R&D§pending Abroad/' Rfm>u»5ofDrtM 
Of! Scinicc Rffources (NSF'79-304). p 2. 
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i i\\;ultilions; intiiiv. woukl bi" doi'ii* in" \ Uv inM in.^l 
luuisr ol Jrvc'lopinv; a uvw proJiu I. I hetoslsol 
irsliji)' .uV in jTtu I li adr oHs whit h ( lovtM nnu^nl. 
ullu loK htU'i'LlrliM iniiu'Ll iu^h'sScU y lotMisin r 
i!U!i'.^srJ s.iUMv .inul ■ iinpro\HHl qu.^lily ol 

I oi llu si'.ind othrr ri\\soi\s, in i iwnl yrtU s iho 
Jill); iiukisliy inur.nsril f(WiMx;n rrsr.u ji 
ik^vrlopnuMU A\ .1 hi^;hrr rale ih.in its doinrslif 
Ki^l) iiu rslnuM^l.'^ Mo\vi'\'iM. costs of roiuliu- 
tin)> JviK: 1 > abroad Uavv risrn and Clo\'rrnnuMiJ 
!iy,ulalions Uavv hvvn tlarifird aiul soiinnvhtU 
slriMiulini'd Thus, IhMwih'M I^'>7o and h>77. 
doim'siic and foriM);n druy* K^Kt D c'\pi'ndi!uri's 
inu i'asc^d at tiboul lln^saini' v^iv, C^!h(:rsc>^muMils 
ol thr chemical indiislrv (osprciallv a^>i it ulliital 
I lu'iniials) iiu i I'ascd iIumi KiSil )|M-o);rainv; abroad 
at a hi^\hoi- i^Mv than thiMi U S pro>;raii\h. Mos! 
Rctn oHorls abroad art' ^u'lUMally aiiui'd at 
ilcvi"lopin-v» proJiK ts !b.i! mvv\ kn aKoiub!ioiu« 
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and lu^rds, in.\rkol tast(\s,v)r use kKalinpulb.l or 
\Uv\^v i i\Tsons, it is antkip»iti'd that iiu rrasrs will 
KriuM-.^lly continue m ioroij^n R(*^l) in many 
induslrirs.in tlu' nrai future.-'-' 

Foreign R&I) Carried Out in tho United States, 

In ri'crnt yi>ars, tbo amount of foriMy;n invt'sl- 
nuMit in \Uv Uniti'd Statos b.\s ac ci^k'ratfd, 
iiH reasin); at an .UHw aj^o .innu.il ratrof about 13 3 
pOrt'ont sintr'l ^^73 and rrai bin); a tot^il rsliinalrd 
value of $31,1 billion in l^>77. In r^77. tbirr 
covM-itrirs ront^ibutrd alnn^st oO perc^M\l.,ol tbc 
total lorrix^n invrstint'nl in tin* IJnilrd Sta4rs 
tlu« NrtluMlands (21 pr?irnl). tbr Uniti'J 
Kin>;dom (1*^^ pcrrt- nt). and C anada ( I 8 prru^nl). 
Wrst CliMnnany tUui. Swjl /tM*laiul raib 
irprrsentrd ,U">uut'7 pi'ru'nt of tbi' total. t\nd 
k^panrsr .\iuM rrnrb direct invt'stn^'nts in tin* 
United St.Ues \wyvv r.u h only 3 percent of tbe 
total foiei^^n investiuent. 1 orei^;n direit ituest 
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ment was concenlrated in manufncturinR (40 
percent), trade (21 ptMcent), and petroleum 
extraction (19 percent ).»*'^ 

One'of the main questions raised by the sudden 
increase in foreign investment iii the United 
States is whether or not the result wou'd be an 
undesirable outflow of U,S. technology. 
Although some foreign inyestments have per-, 
mitted the United States to take advantage of 
technology that originated abroad, there have 
also been /rases in which foreigix firms have 
purchased American companies and have 
thereby gained access U> U.S. technology which 
was subs equcMfnyTra 
abroad. Although both inflows ana outflows of 
technology occur, recent studies have concluded 
that foreign companies invelit in the United 
States more often to take advantage of the large, 
politically unified, and stable market than to have 
access to U.S. technology .^'^^ These studies also 
suggest that the^United Stales probably receives a 
net technological benefit from this phenomenon 
because foreign companies introduce their most 
sop)iisticated technologies and itew management 
and marketing techniques in order to compete 
effectively in the l^.S. market/ foreign invest- 
ment in the United States alsooften involves the 
acquisition or establishment of manufacturing 
vfacilities and R&D facilities. 

U.S. subsidiaries of foreign companies spent 
$81 3 million on R&D in 1 974 (text table 1 -5). This 
figure is almost 80 percent of the amount that 
U.S. affiliates spent for R&D activities abroad 
(see text table 1-4)^ Three-quarters of this R&D 
-was conducted by European-owned affiliates. 
About 70 percent of these R&D expenditures 
were made by manufacturing industrials, 
primarily chemicals and metals. 

Foreign direc^t investment hi the United States 
is playing an important role in R&D in the 
pharmaceutical industry. Foreign direct invest- 
ment in the U.S. pharmaceiiitical industry is 
usiially accompanied by a full range of R&D 
activity within the United States, largely to meet 
comprehensive Governmeht regulations. In ' 
many cases, R&D conducted by U.S. subsidiaries 
of foreign pharmaceutical companies has con- 



Willi.ini K Chunj; iind Ciir^ory Ci. F ouili, "rorpij^n 
DiriHi hiveslnuMil in ihv UniliHlStolrs, \ ^77,"^um\fo} Cunnil 
HitMrirvs, vol, 58 (Au^iiJ^. W^7S), pp. 39*52. 

hihuolo^u hitn^et from lofnj^ti Dnt'if hjvv^lniniftuflu llmh'il 
%itv^ (\NiMy\\\\\}\\on, D C .: Niiliotuil RcsiMitIi Coumil, 1<576); 
and W. I Inldi^r I isIkm , / vthnoloi^y Ifmi'ilvf usii MtyUvtiftotiforl huh'J 
,SM/i's Diny' hivt"ihtjvtif hu l.utoiH'afi f/M»s (C'cdumbOs. C")hlo: 
iWllolle Monioriol instiUito. I077). 

'*'/iwn,v>j Dncit lfivt"ihtu'ut iu thv Ihtih'tt Dopartrnent of 

C otnmiM'if. vol. 1, U>76. pp. 5.^-55, 




tributed to the availability of many con^monly 
* used drugs (e.g., Valium, Lasix/ hnurari/ and 
Adriamycin). American-based compaiAies often 
pla/^in important role in testing foreign drugs. 
T6day the pharmaceutical industry is inter- 
national in scope,^with the United States often the 
recipient of phar.ntaceutical product technofogy 
and a source of pharmaceutical testing 
technology.'''^ 

U«S.^ International Trade in R&D-Intensivc 
ManulFactured Products. The U.S. international 
trade position depends on a number'of ffi^ftors, 

,V<i/rs. (Wasliin>\lon, D.C N.ilioniil Krsoim h Cymu d,' 1 070), 
pp I I ^2t>. 
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including the prices 6f its products determinedly 
labor, capital and other input costs, factor 
productivity, exchange rates, tariffs, and quotas. 
Other factors include the effectiveness of its 
international marketing, trade arrangements 
with other countries, term^ of delivery^ in- 
surance, credit, and seller reputation. Product 
charactQristicsand uniquenessarealso important 
considerations; in the United States, these are 
major flutor^. R&D ^nd Innovation have as- 
sumed an important role in the U.S. trade 
position. ^'^^ A recent studycompared U.S. exports 
wit h those of other countries and concluded that 



The relationship between R&D and inter- 
national trade* can be ^a^nalyzed in part by 
examining the U.S. trade balance in manufac- 
tured product categories classified in terms of the 
relative levels of R&D investmenl._R&D- — 
intensive product>fields_'are defined here as those 
corresponding toindustries withanaverageof (a) 
is or more scientists and engineers engaged in 
I^&D per 1,0Q0 employees and (b) total R&D 
funding amounting to at least 3.5 percent of net 
sales. The product groups designated as R&D^ • - 
intensive^^ are (1) chemicals, (2) electrical 
machinery, (3) nonelectrical machinery,^^ (4) 
aircraft and^ parts, and (5) professional and 
• scientific instruments, "All other manufactured 
' products are considered non-R&D-intensive by 
these criteria. 

At a time when the overall trade balance of the 
United States is showing large deficits (-$26.5 
billion in 1977), theimportance^rf R&D-intensive 
trade in manufactured goods ht«r^eatly in- 
creased. The trade balance (exports minus 
imports) for R&D-inten^ive manufactured 
products has' been positive for at least two* 
decades (figure. l-15).»oo The most dramatic 
' increase (166 percer\^t) was between 1972 and 



the United States is the only country with an 
unusual concentration of its manufactured goods 
in exports that are "R&D-intensive."*'-' 

It is generally accepted that the roFe of 
technology in U.S. trade is quite important.*'''' 
• Nonetheless, it .cannot necessarily be assumed 
that increased R&D expenditures will 
^ automatically intprove the U.S. trade position. In 
fact, since industries are linked in various ways 
(e.g., through interconnected markets for 
productive factors, behavior of exchange rates,^ 
* and endogenous elements of U.S. and foreign 
commercial policies), R&D activities may im- 
prove the competitive positiotY of one industry 
while aggravating or causing economic problems 
i in other industries; for example, by diverting 
capital and labor and forcing up the pri<;eof ?ome 
prcnluctive factors. However, increased R&Din a 
^ certain industry can also have positive spillover 
effects by providing superior and/or lower cost 
inputs,;^^. Increased R&D can y\\so have a positive 
effect on the overall economy by generating new 
industries and forcing stagnant industries to 
become either m^e dynamic or to tighten their 
operations. 



Rathol McCullm h. Rcf^carclnmd Dmlopmcnhtsi a Deh-rmnuwi 
of US, UilcrmUiomI Gmi ft* h (Wnshinglon. D C : Nalion.il 
rianning Association 1^7tt), p. 20. 

Rcgina K. Kelly, "The Impati of- Technological Innova- 
tion on international Trade !\U.tern8/' Sinfl Lcommk RvporL 
Office of Economic Research. Department of Commerce, 
i977.lt should benoted that th^levelsofR&Dassociated with 
various products in the United States are not necesi>nrlly the 
same as those in other countries, and that the product ^roup 
. mix within pnuiuct categories ihay not be comparable for ajl 
countries. 

Raymond^Vernon, "International Investment and Inter- 
national Trade in the Product Cycle," Quarterly Journal of 
EroHDpiiVs. vol, 80 (May 1966), pp. 19b''207; and Raymond 
Vernon (ed.), 1% 7fi7i«o^y Mor in kUrutihonal Tnuk (New 
York: Golumbia University Press. 1970). 

Rachel McCulloch,Rrs;r<irf/inM</ Dcvchpmnit as a DetcrmmanI 
of U.S. hUrmlionnl Cotupiiiiiveness ( WashinRton. D.C.: National 
Planning Association; 1978); pp. 24-26. 



Products and industries, although fairly closely cor- 
relau^d at the gross level, do not perfec tly coincide, with the 
result that not all products manufactured by a hlgh-R&D- ^ 
performinn industry can W considered R&D-intensivc 
products. Examination of data on applied RSiD by product ' 
field in manufacturing, however, shows that these fields are 
Xinong the top recipients of applied R&D e)^pendit ores. See 
Kc^D in huiuslry,. }970. National Science Foundation (NSF 78- 
314), pp. 58-59. The Department of Commt^rcch<<sdevclo^Jcd ^ 
two other classifications of R&D-intensivecategciJries. One is 
more aggregated than the definition used here; the other is 
less aggregated since it is based on a product rather than 
inxUistry basis, but ithas thedisadvantageof tlmedelaysin the 
availability of the data. An analysis and comparison of the 
three can be found in the hiUrmUional ieononiic Rvporl of the 
Vrvsidvul. Council on International Economic Policy. Executive 
Office of the Presid5MU^lQ77. p^i. 120-124; and Regina K. 
Kelly, "Alternative Measurements of Technology- In tensive 
Trade," SUiff Lionomii Rvport. Office of Economic Research. 
Department of Commerce, 1976. 

**** The U.S*^ industries associated with these products met 
both of these criteriaduring the 196 1-76 period. From 71 toW 
percent of all R&D related to these products wasconducted by 
rhe five corresponding industries. ^* 

•^•^ Computers are included in the nonelectrical machii)ciiy 
StC coile by the Departmentof C\immerceand soare included 
in fha| product field In this report as well. , * • 

It should Be pointed out that petroleum imports, whllca 
major cause for Increasing deficits in the overall U.S. trade 
balance, are not considered manufactured gocJds and so are 
not responsible for the poor performance of non-R«D- 
intensive ma.nufarctured goods. For the same reason, 
agricultural products are not included in tbo tradeindlcators' 
presented here but are briefly treated In the text following the 
discussion of f4Kure 1-16. . ■ , 
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1075, The tronds in U S. foreign trade presented 
here were infUienced by recent iidjustmenls in 
the international monetary system. Since \^75, 
there has been a 6-percent decrease in this 
bc'^lance, largely, due to increased imports of 
consumer electronic goods and the drop in value 
of the U.S. dollar, especially vis-a-vis the Japanese 
yen and West Europt\in currencies. Even so, the 
1977 trade balance for R&D-intensive manufac- 
tured products was almost 5 times greater thah 
that of 1^60 and times the 1972 level. ' 

h> contrast, the trade balance for nonTR&D- 
intensive manufactured gwds Was near /.ero jn 
the early jPoO's but declined from 19b4 to 1977, 
when the deficit registered for these grc^s was 
$24,5 billion. Most of the recent increases in 
deficits of non-R&D-intensive trade were due to 
sharp increases in steel imports from |apan and 
Western Europe and importation of foreign 
automobiles. , 

The favorable U.S. trad^ balance in products 
^ from specific R&D-intenslve industries is shown 
in figure l-lO.'Many of these products have 
experienced no growth or actual decreases in 
their balance since 1975. This is due to both the 
>low and uneven economic growth outside the 




'■'a 




United States and to the rapid expansion of U.S. 
fm ports that have increased in volume and value. 
-V Nonel|>rtrical machinery products account Tor 
almosi half of the favorable balance in R&D- 
.intensive manufactured goods. The. impressive, 
growth in the balance of this product group from ^ 
1972 to.1 975 (136 percent) was largely a result of 
increased exports of electronic computers, inter- 
nal combustion engines, construction ^cjuip- 
liieht, and mining and well-drilling machinery. 
'This growth tapered off in 1976 and actually 
decreases! 8 percent in lP7^, 
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product groupd each contribute about one-fifth 
of the positive balance In R&D-lntensive 
manufiUtured products. Unlike rnost U.S. 
product groups^ chemical exports continued to 
grow in 1977, largely as a result of increased 
volume rather thaiS Incrjeased prices. The in- 
crease in net vxports of phemicals since 1972 has 
been paced by exports of plastics and shipments of 
43rganic con^^unds, particularly those used in 
making drugs and agricultural chemicals. 

U.S. agricultural productivity is highly in^ 
fluencH by R&Dand technological advances, bilt 

because it is no t a^naoutac t u r ed— prodkai 

agriculture has not been Included in trre trade 
balance presented here. The leading role of U.S. 
agriculture is due at least in part to the con- 
tributions of science and technology in such areas 
as the development of new hybrids; the utiliza- 
tion of irrigation techniques; the Improvement of 
fertilizers, pesticides, and herbicides; and the 
widespread fnechanization of production.'^' 
Agricultural exports significantly affect tlie 
position of the U.S. trade balance. In 1977, the^ 
value of agricultural fexports reached a. r^ecord^ 
level of $14.2 billion, and agricultural com- 
modities registered a $10.3 billion positive^trade 
balance 

The favorable position of the United States in 
R&D-intensive manufactured products is based 
primarily on net exports toall major U S. markets 
^'With tlie cjxception of Japan ana most recently. 
West GermahyV'^^^^The U.S. trade balancie in these 
products is shown in figure 1 -1 7 for selected areas 
and counties. In 1977, the developing countries 
accounted for 58 percent of the positive R&D- 
intensive U.S. trade balance; nonelectrical 
machinery and chemicals were particularly large 
net exports for the United States in trade with 
these nations. In trade with Western Europe (25 
percent'ofthepositive balance), the United States 
registered its largest net exports in the areas of 
aircraft and nonelectrical machinery (particularly 
in computers). U.S. net exports to Canada were 
concentrated in the areas of electrical and 
nonelectrical machinery. 



A^rkuliural Protiuchoti Efficiemxf (Wiishington, D.C. 
Niitional Ac.idemy of Sciences, 1^75). 

Orrrsfiis Busimvw Rifport^, Department of ComiJ 
Domestic «md International Business Administratioii 

For a more complete discussion of these relationsh 
see Keith PaVttt, " International' Technology dnd the 
Economy*: Is There a Problem?" in ThfXfff(h of lukrmholLl 
tfchnology Tntusftn on U.S. Economy. National Science Found^^ 
Uori, Papers and Proceedings of a Colloquium (NSF 74-21 ), pp. 
59-77, .--^ • 





A trade deficit in R&D-intensive manufac- 
tured products developejl with Japan in the mid- 
1960's and has persisted through the 1970 s- 
From 1974 to 1977, this deficit increased 529 
percent (84.6 percent average annual increase) 
and reached over $3.5 billion, largely due to a 76- 
percent increase in U.S. imports from Japan. The 
deficit occurred primarily in electrical machinery 
products (particularly consumer electronics) and 
to a lesser degree in professional and scientific 
instruments and nonelectrical machinery. Only 
in theareasof chemicals and aircraft is the United 
States a significant net exporter to Japan. 
Although bhe Japanes^ Government has agreed 
to encourage imports from the United^tates, the 
trend toward an increasing trade deficit with 
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japan Is likely to continue In tKe nean^ter 
becAuse'of the hifth U.S. demand for Japanese 
goiids, coupled with the sharp appreciation of the 
Japanese yen. However, since Japanese Itpports 
~ become Increasingly ' expensive as the dollar 
depreciates, in the long rijn Itnport subsWtution 
may occur, and If sp. It would help the U.S. trade 
balance. n ' - 

^ 

Summary 6f Outputs and Impacts 

' Although ^aggregate, patent statistics are 
affected by many factors, they are often usJ^d to 
compare scientific and tech^Jogical activity. 
Foreign patenting activity in %ie Uhited States 
has increased from 20 percent in 1966 to 36 
percent In 1977; with the largest numbers of 
forjeign-origin U.S. patents being granted to 
inventors from Wesli Germany, Japan, and the 

■ United Kingdom. During this sanoft periqd, U.B. 
domestic patenting activity, declined while 

. domestic patenting substantially Increased in 
Japan. Increased foreign patenting In the United 
States n>ay be influenced by a variety of factors, 
including the commercial attraction of the U.S. 
market and the increased RitD and inventive 
capabilities of foreij^n natioiw ' ^ 

> The production of scientific and technical 
literature is One of the more direct ou|puts of 
research and development. The U S. proportion 
of the world's intluential journal literature 
remained^steady between J973 and 1977 at a^jout 
40 percent. In 1977, U.S scientific and technical 
articles were cited 30 percent more than could be 
explained by their share of the world's literature;' 
this indicates tha t U .S . resea rch a nd development 
is>elatively influential in world science. 

R&D and technological innovation have 
positive long-term effects on productivity and 
economic growth. Relative productivity rates in 
turn affect the U.S. trade position. Aggregate 
U.S^ productiyity levels exceed those of most 
other countries. However^ U.S. productivity 
gains over the past decade were the smallest of all 
the Countries under consideration. ^Although 
productivity is affected by a variety of factors, it is 
possible that, had the UnAed States Continued to 
invest the same fraction of national resources in 
R&D as it did" in the early and mid"l'960'$, U.S. 
productivity gains might have been greater. 

Data on international technology transfer 
transactions and R&D-intensive trade .indicate 
that U.S. output of R&D and technological 
innovation are highly competitive and arerelafed 
to national economic strength. The positive 
contributions of science and. technology to the 
U.S. trade balance are undeniable; however, since 




1975, (here has been a d-percSjrit decrease in f hTs 
balance. 



INTERNATIONAL INTERACTION AND 
COOPE?tATlON ^ 

1 interniational scientific cooperation coil^ 
Arlbutes to the advancement of world scier^ce, 
'^diffusion of knowledge, and improvement of 
^^-^viman understanding apd International 
relations. There are many tangible benefits to be 
ined— from— €€)ope wtive— sdefv^fie-^aetrnt^les ^ 
Direct economic value can-Tesult from \:ost- 
sharing siJlentific , prograrris, taSk-sharIng In 
solving problems, avoiding research duplication, 
obtaining access to unfque foreign research 
facilities, and building on foreign r^s^arch. Other 
benefits stem from concerted action in research 
to improve^ global or regional problems su^h as 
health and environmental conditions. - ~ 
Time and resources can be conserved by early 
access to research data that point out promising 
areas of research and signal areas that may not 
currently be promising avenues of investigation. 
The direct exchange of methods and experimen- 
tal results (e.g., through international meetings 
and the conduct of research abroad) can often act 
as a synergistic impetus to domestic scientific 
research by providing fresh outlooks and new 
perspectives. Nevertheless, possible drawbacks 
to international cooperation include security 
problems, and time delays due to increased 
organizational complexities, Increased economic 
or scientific competition may also result, but 
competition also often encourages increased or 
intensified efforts. 

In ligh t of th6 benefits and costs, thequestion of 
whether or not the United States is appropriately 
engaged in international scientific activities 
should be continuously examined. As scientific 
capabilities of other nations grow and thecostsof 
conducting research rise, the United States 
should and has encouraged international 
collaboration and division of labor in Scientific 
research. Indeed, many scientific goals would be 
difficult or impossible to meet without the 
advantages of international cooperation. The 
United States has long been involved ih a number 
of multinational efforts to meet large-scale 
scientific problems such as the International 
Geophysical Year (IGY) and the Global Atmos- 
pheric Research Project (G ARP). Although there 
are numerous cooperative efforts between the 
United States and other countries, there are 
many areas in which expanded cooperation 



would be beneflciftl. Finns arc being made with 
the European Space Organization for a space 
mission to jointly examine solar regions of the 
sun and tolncreasecooperation in energy-related 
R&D Fusion etwrgy re^wrch facilities, high 
enerity-physic^s accelerators, and deep-ocean oil 
drilling <^re other areas which are candidates for 
further joint efforts. 

International scientific cooperation has 
traditionally helped Xo bridge political cultural; 

^and economic barriers between coun tries J^** 
Scientific and technological relationships played a 
critical role in the normalization oPour relations , ^ 

-wtth-the FeoplesHR^pttbHc^f-GKtmvThis 4s-fttv 
example of how international cooperation (;an 
help achieve both diplomatic and scientific goals. 
The United States has been involved in assisting 
countries in building up their scientific a^nd 
technological capabilities. Preparations for the^ 



Appendix lablo 1-24 identifies examples of poHsible 
areaii of increased scientific ccwpei^ion vjmy Western 
Europe, Ihcse are those in which Western Europe efforts are 
thought tobt^at a level of excellence comparable to that in the 
United States, or in which achievements were linked to the 
availability of unusuiial instrumentation or facilities. They 
were identified by a survey of National Science Foundation 
program officers (unpublished). 

I OS "Presidential Message to the Congress on Science and 
Technology/' March 2*7, 1979. 

For an extensive dlscussioir of how science and 
technology create both'XJpport unities and problems tn the 
achievement of diplomatic goals see 5fU'm*' Tedinology md 
Amniuvx Diphmacy, Committee pn'lijtcrnational Relations, 
U.S. House of Representatives, 1977. 



" forthcoming United Nations Conference on 
Science and Technology for Development have 
served to focus attention on the role of science 
and technology in meeting world problems and 
the ways in which the United States can redirect • - — 
and intensify its efforts to bridge economic gaps 
through scientific and technical assistance, "^^^ 
The following section discttsses som? indicators 
of lnternatit)nal scientific cooperation a{\d In- 
teraction.. 

International Academic Cooperation 

U.S. universiti es and colleges havecoHtrib^ 
~ greatly to the building of theworld's scientific and 
technologicalcapabilitie^.^o^t'hetypes of interac- 
tion include institution building, cooperative 
R&D,, developing U S. capabilities in problem 
areas of concern to developing countries, and the 
education* and training of students here and 
abroad. 

Pose to 60 pefcent^of all the foreign students 
studying in the United States in 1975 were in 
scientific and technical fields (text table 1-6). 



»»>■ U.S. Nahottiii Vaper prej^ircd for thv 1979 UN CotiftroHv oit 
Sdemciitui Teditwhsy for Dmlopmviit. Depaitment of State, 1979; 
and as. .SViViiff atuiTvchnoh^yfor DevclopmetU; A Couhihuhon hike 
1979 UN Coufncme. (Washington, D.C.: National Research 
Council/ 1978). 

For a complete review of this involvement indevelopinp 
countries, including possible future directions, see Robert P. 
Morgan, The Role of U.S, U»Mivrsi7i>s in SuVmr ami Tvclmolosy for 
Divelopmvui: Mfdumim .rtnjL< ' IV/iVy OrO/?"^ (^^l Upuis, Mvv: 
Washitjj^top University, 1978). 
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More "than half of lliese were from Asia^ 16 
percent from Latin America, and 14 percent frojni 
Africa, while students from Europe represented 
only 7 percent of all foreign students receiving 
training in science and technical fields in the 
United States. The regional profik»» show a 
varietyof field concentratit)hs. Within thesclence 
and technical fields, engineering had the highest 
percentage of students in four of the six regions. 

The proportion of S&E doctoral degrees 
awarded annually in the United States to foreign 
clti?ens has inct'eased from an estimated 7 to 9 
percent before the 1960'8 to alx>ut 15 percent in 
the mtd- l>970 's, >^t^ w ith the highest proportions 
appearing In thenatural sciences and engineering 
(tlgure 1-18). The fields with the highest level and 
fastest growth of foreign doctoral recipients are 
agricultural sciences and engineering. Medical 
sciences have a high percentage of these foreign 
students, but growth in foreign participation has 
leveled off in the 1970's. Training in these three 
fields is an important faCt0r in helping to meet the 
economic and basic needs of the world's popula- 
tion.^ 

Data on postdoctoral students show that 
almost one-third of those working in science and 
engineering fields are from foreign countries. In 
engineering, more than half of all postdbctoral 
students training in the United States are foreign 
citizens, as are more than 40 percent of those in 
physical sciences (text table 1-7). 



•f*'* Siv Appondix tablo 1-25. ^ 

•ii* A On\m\ of Doitontif!*: Dafa Aualysis of Growth otid C/mnxi' 

(WflshinKton/D.C: Nrtllohdl AcndtMny of Sck*hce», p. 

'17- 
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U.S. universities are involved in a variety of 
internationally cooperative,activities in addition 
the training of foreign students in the United 
5'tates. U,S. universities have contributed to the 
development of many, foreign universities. A 
retent survey*** of doctorate-granting colleges 
and universities found thatof the 203 responding 
institutions, nearly two-thirds had at least some 
science and engineering faculty meirjbers who 



(WashihHtt'^v H.C : Amcricoi) Coum il on TaUu atioiy/l P78), 
pp, 10»11. 
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had taught abroad during th^pMt 2 years; thfce- 
fourths of the reipondent Institutions had 
faculty who collaborated on research with 
foreign counterparts; and three-fourths Jiad 
faculty who traveled abroad for research ptir- 
poses. Data from another survey showed that of 
^hose* faculty members reporting collaborative 
sclentlficandfengineerlngactlvltles With develop- 
ing countries, 24 percent taught abroad, 4^ 
percent were engaged In collaborative research, 
and 30 percent were Involved In consultation and . 
sclentiHc cooperation J 

♦ In short; the U.S. role In the education and 
-h^aMlt\g-of-foFelgfv»tude nt s and a sslsttwce^in-the — 
development of foreign universities has been one 
of this Nation's largest contributions to develop- 
ment 6f world scientific and technological 
capabilities^ and has led to the expansion and 
enhancement of the human resourcecapability of 
foreign countries. 

Cooperation in Scientific and Technological 
Lit^ature 

International cooperation in scientific research 
is reflected in the joint publication of research 
findingst* While joint authorship is fairly common 
among authors in the same organization, it is less 
common for authors to represent different 
institutions or organi2;ations.^*^^ Such joint 
research conducted by scientists and engineers of 
two different countries is even more rare. 
Collaboration tn scientificresearchisencouraged 
by joint-country projects as well as the support of 
international or regional research centers. Inter- 
\ountry joir^iuthprship is ^Hso often faciliiated 
by graduate study abroad and sometimes by 
attendance at International meetings. 

Figure 1-19 provides a measure of the inter- 
national cooperation, where "cooperative* 
authorship" is defined as existing not simply 
when there is more than one author, but rather 
when authors are known to work either in 
different organizations or in different countries. 
It shows that for all fieTds as a group, inter- 
nationally cooperative research has increased 
froml3 percentln 1973 tol5 percent in 1977. The ^ 
greatest increases in international cooperative 
authorship occurred in the fields of physics, 
chemistry, and earth and space sciences. In terms 



Fitink ). Atelsek iindHrene^L. Gomborg; Snnilifk and 
Tvi ltnutil Cooiivraiion wilh Dmloiutij^ Couulrics, 19? 7 -78 
(WtinhinKton, D.C.: AmeriCAn Councllon Educatiun, 1 97^), p. 

Sec tho disciissioh in the Resources for R&D chapter of 
^.iih index of interoi>».ini/ationiil cooperative research in the 
United States. 
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of tfeis^ measure, ^hose fields which are most 
internationally cooperative are mathematics, 
physics ahxi earth and space sciences, while 
psychology and clinical medicine have the lowest 
percent of internationally .jointly authored ar- 
ticles. 

Qiven some of the benefits of collaborative 
research activities, suth as the conservation of 
time, and resources, how much internationfil 
cooperation is the United States involved in 
relative to other major research performing 
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TOinYtrled " FtgHre^m -10 providCT an indejr of 
international cooperative research based on the« 
percentage of those articles jointly authored by 
S/E's whoseau thors are from dif f eren t coun tries. 
. Jhl»_ ilgure _ 8hQV¥ft_Jhat JkVeat^ Germany^ „the _ 
United Kingdom and Canada have the highest 
levels' of cooperative authorship (about 40 
percent of their articles which are jointly 
^authored across organizations are international- 
ly cooperative In nature). The United States, 
Japan, and the Soviet Union have the lowest levels 
Ot Internationally cooperative authorship — 
about half as much as the first three countries. 

From 1973 to 1977, ]apan was the only major 
country whose percentage of internationally 
jointly-authored articles decreased. The largest 
growth in international cooperation using thjs 
indev was in the Soviet Union, almost all of which 
represented increased collabor^Dn with East 
Germany. France, West Germanylnd theUnited 
Kingdom also experienced substantial growth in 
the amount of internationally cooperative 
research conducted from 1973 to 1977; most of 
this growth was due to increased collaborative 
efforts among themselves. During this same 
period, the United States increased international 
cooperation in the authorship of scientific 
articles, largely with West Germany and France. 

International cooperation can take the form of 
publishing the scientific literature of onecountry 
in another nation's- journals. By publishing the 
articles t>f foreign scientists and engineers, ac 
nation provides a dissemination service for world 
scienceandsimultanepusly ensures easy access to 
the latest foreign research findings for its own 
research community. The extent that a nation 
publishes more foreign research findings than its 
own S/E's are publishing abroad is an index both 
of its capability to disseminate the world's 
scientific literature as well as its interest level in 
•foreign research. The largest such balances for ; 
the United States occur in the fieldsof chemistry, 
clinical 'medicine, engineering and technology, 
and physics (see text table 1-8). In terms of actual 
numbers of articles, U S, joiirnals publish foreign 
research findings largely in the fields of clinical 
medicine, chemistry, biomedicine, and physics, 
while relatively fewer foreign articles .are 
published in the United States in the fields of^^ 
psychology and mathematics. 



Conipai:iaons.aro made lioro with tlio^sovoivcountries 
which product' the grot-jtest proportion of tlie worlds 
scientific and technical literature: the United Slates, the 
United Kingdom, the Soviet Union, West Germany, Japan, 
Fmnie., and Canada. These seven countries togOther 
representVd 77 percent of the world's influential scientific 
literature. 
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1978 



Participation in International Congresses 

Jlnternntional jrte^tings* are a forum for the 
exchange of techjiical information and itieas and 
provide opportunities to report new findings of 
research an4 development. "Contacts made at 
these meetings may- lead to future working 
relationships or new sources of communication 
for keeping abreast of thelatest developments in 
science in other countries. ^ 
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i See ApMo<j(lx tjifeje 1-10 ic>? > dt^KPrlptlpn pf^the ^Mbfieldi llh^^^ 



publishing abrpa'd. 



/ 1 igiin^ 1-21 shows [Uv pM i'\c\pM\on \n inlci - 
;'iialioiuil eongirsses ol those or^iini/iilions 
i constiluli^^^ iho hUcnuUional Couiuil of'Scicii- 
; lifu Unions. Foreign piUMu ipiUion in [hv^c 
^ nu^rtings hiis grown riipidly siji^iCcMhcMMrly l^^oO's 
while U.S. pi-^rtii ipalion Jias itureaseJ al a more, 
mod(M'al(* ral(\ Wid(* (hulualions in all(Mu]eiU(^ 
exist Ironi year lo year J(*pending on laelors siu h 
as the nuiuh(,M* ^nui localioit ol n^M^tings. l or 
inslarue, tu)n-U,S. parliupalion (^xperiei-iced a 
dramatic increase* in l^ob, a year in which a 
tunnher o\ large eongrc^sses were held overseas 
and virtually no nnajor meetings took place in the 
Unit(*d States. Many of tlu^sc^ C(>ngresses are on a 
3- or 4- year cycle. P("aks in attei-idancc^ patterns 
also reflect larger numlxMot congress(\i;held 
in certain years. 

Since 1^60. [J.S. participation at international 
congresses has increased ohout 40 percent, while 
non-U. S. participants ahnost doubled; however, 
most of this growth'occurred in the I ^"^oO's. huhe 
I^>70's, the U.S. share of total partii ipation 
remained fairly steAtjy, averaging about 23 
percent. \u the perio(!]^1^2-74, total participation 
increased greatly becaibe-of the large grc)wth in 
•the numbe!M)f congresses a^id meetings held. In 
addition, several congresses which have large 
memberships (e.g., UK C the hn1>tJ^£hiJtrf>^nal 
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Union Against Chancer) met during this period. 
The most recent period shows a drop in total 
Altenclance because of adecrease in thenumberof 
congresses held. 

Tne past growth in non-U. S. attendance at 
international meetings is an encouraging sign for 
worldwide scientific interaction ai\d reflects in 
part the increased tendency to locate these 
meetings in i\ variety of regions outside of 
Western Europe and the United Stated. ThuS; 
scientists of other countries can have a greater 
opportujijty to participate, since the lack of 
adequate travel funds, particularly in developing 
^0tt1tt^•ies7-0^t^n-^kntH^--a^^tfHldeH 



Although theaverage numberof meetings held 
per year In the 1970'9 increased about 75 percent 
Over the previofts decade/ the average annual 
attendance per meeting has decreased about 17 
percent. This is to be expected as new and more 
specialized unions are created to meet specific 
needs of*expanding fields of science. Emphasis on 
/ the need for an interdisciplinary approach to 
problem areas such as science teaching, develop-^ 
ing country needs, the environment, etc.; has 
made the roleof the interdisciplinary Inter-Union 
committees more important and increased their 
'activity. 



held abroad. However, this tendancy to vary the 
locations of the meetings may somewhat limit 
U.S. participation for the same reason. 



' C)r\MNi;:u/n»M mid /\r/in/ir> (l\iny; lntoination.il Councilor 
Scit'nlifii Union^i, 1^>7(>), pp. 13-M 



SUMMARY 



' The U.S. investment in research and develop- 
ment, in termsof both expenditures and scientific 
and technical personnel, is much greater than 
that of most countries and has shown increases 
since 1975. .However, in terms ot R&D per GNP 
and R&D scientists and engineers as a proportion 
of the labor force, Wej^t Germafiy, Japan, and the 
Soviet Union have beert increasing their relative 
investments in R&D more rapidly than the 
United States. In addition, marked differences 
exist between these countries in the allocaticMi of 
funds. In Japan and West C-ermany, industry 
provide* a majority of the R&D funds, and 
Government funds are highly concentrated in 
areas directly related tQecononiicgrowth\ In the 
United States, over half of these Government 
funds are aimed at defense and ^pafe objectives. 

In terms of R&D outputs and impacts, in- 
dicators ()f thq US. position pre^p^nt a mixed 
picture. Data on R&D-intensive trade and 
international technology transfer indicate that 
U.S. techn^ca^ know-how and R&D-intensive 
products are highly competitive and are a source 
of national economic strength. However, declin- 
ing trends in U.S. productivity rate^ and in 
patenting activity are causes for concern because 
of their economic implications. 
\< Althougli U.S. productivity levelsexceed those 
of Canada, France, West Germany, the United 
Kingdom, and Japan, U.S. gains in prcrductivity in 
the past decade? were the smallest of all these 
countries. Productivity gains were the largest in 
Japan during this period. 

^ Both U.S. domestic patenting and U.S. patent- 
ing activity abroad have decreased. ForeigKi 



patenting activity, has^ increased |n the Unjted 
State-s duriiig the l970's, particularly due to the' 
activity of West Germany and Japan. This is an 
indication of foreign interest in the U.S. market, 
but may, also be related to increased foreign 
inventive activity. 

Japan and West Germany are the two major 
foreign countries that hiy^^e been increasing their 
R&D investments at the highest rates in termsof 
R&D expenditures and R&D scientists 'and . 
engineers; their research and development. has 
been largely provided by the indus t rial sector and 
highly concentrated in civilian areas. While the 
Unkitges between R&D, the innovation process, 
and economic growth are not completely un- 
derstood, these cou'iitries have been enjoying 
' some of the highest productivity growth rates, 
have been granted the largest numbers of U.S. 
foreign-origin patents, and have been highly 
successful in exporting R&D-intensive manufac- 
tured products to the United States. 

It should be recognized that the world situation 
has been changing. "Nations are becoming both 
more interdependent and more competitive, 
Other countries have and will continue to make 
economic and technological advances. Under 
these changing conditions, and because some 
problems requir^a more global approach, inter- 
national scientific and technical interaction and 
"cooperation have become increasingly impor- 
tant. Although there are numerous scientific 
cooperative efforts between the United States 
and other countries, there are many areas in 
which expantled cooperation could be beneficial. 



Chapter J2 

Resources for 
Research and Development 
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Resources for 
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INDICATOR HIGHLIGHTS 



National R&D spending levels have begun to 
advance following a long period of reduced 
support. Congtant-dollar R<^P expenditures 

approximately 3.5 percent between 1975 And 
1979, compared to an average annUal decline 
of 1,Q percen t ovjpr the previous fteven y^^ar^s. 
The factors responsible for this ^ advance 
include improved economic conditions con- 
ducive to private sector RitDjnvestment. 
(See page 44;) 

Basic and applied research expenditures ih 
real dollars began toriseaga|pin 1976; but for 
different reasons. Basic rese^lrch is 8^ 
primarily by! Federal sources; the Govern- 
ment has t^ken the position that "prudent 
planning for the future demands a deliberate 
and continued commitment to basic 
research/'i Applied research, supported 
substantially oy industrial and Federal 
sources, also increased because of strong 
Federal interest and improved fiscal con- 
ditions in the private sector. Both basic 
research and applied research grew at an 
average annual rate of nearly 3,7 percent 
between 1975 and 1979. (See pages 52-53.) 



^ » ProsidiMUlal Message on Science ahd Technology, * 
delivered ito tho'Congre^R of the United States, March 11, 
1919, 



a In constant dollars, total basic resejjirch 
expenditures in 1979'are only slightly higher 
than the previouft maximum, which vyas 
re<icneci \t\ lyop, riowevcr/ naviiinai vunwi anr 
dollar spending for applied research jn 1979is 
nearly 20 percent higher than it was in 1968, 
This apparent increased reliance on applied 
research may be a response to heightened 
cohcern abOUt conducting reseafch which 
mayhaverela tively short-term econpmlcand 

social benefits. (See pages 52-^53,) 

f ^ / , 

Federal R&D spending in each of the major 
functional areas has grown stei^dily in recent 
years while the proportion of funds going to 
eacK^area has stabilized. Spending for defense 
R&D is directed largely toward the develop- 
ment of tactical systems; increases for space 
reflect continued work on the space shuttle. 
In civilian drea$, obligations for health, 
energy, and environment Have continued to 
grow— but less rapidly thart in sdftie earlier 
years. The most dramatic changes have B^en 
seen in energy R&D, which grew at an^ 
average annual rate of 33,6 percent between 
1974 and 1979. 'Expenditures for all civilian 
R&D as a percent of all R&D spending 
increased steadily throughout mos.t of the 
1970'9. (See pages 55-60.) 



RoscMieli Jevolopiuoiil lUiivilifs till t\ 

vorioly or.culliirtil, st)citiL tuui ocoiu^niic iiooJs. 
RiSi.1), Wkv any A^ihvv tU livily, opci iUos uikUm 
various toiislriUiUs of tiiiu\ piMsoiuu^l, lUui 
financial ih^souic rs. Policymakers grn orally 
assess k&.I) activity in lij^hl of those constraints 
when allocating scarce resouices to numerous 
activities.. The information in 'thischc\|iter points 
out some quantitative elenu'iUs usi^ful for\the 
assessment of national activity and ratioiKil 
resource allocation decisions. 



This chapter describes some of the majc)r 
mechanisms supporting U.S. scieiUiljc^ and 
technolo^'Jcal activitii^s, and it examines signifi- 
cant changes in levels ol support and types ol 
activity. It assesses aggiegate national R&D 
spending and places R&,D expendituies in 
perspective with the economy as a whole. Scnnces 
ot support for are iden.tifiod as are llie 

sectors i*eceivin>» iUv limds. Researcli and 
developnuMit aie looked at separt\tely, and 
re^search itseM is distU»grej;at(^d iiUo its 
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components— basic research and applied 
research. Emphasis is also placed on examining 
the various functional areas of R&D; so that it is 
possible to see to which national goals and social 
needs Federal R&D dollars are applied and at 
what levels of supports Scientific and technical 
literature indicators are discussed as outputs of 
the R&D process, and information is presented 
on equipmerft for science and technology. 

R&D resource allocation represents a special 
situation because of the nature of U.S. support 
for scientific and technological activities. R&D is 
a composite consisting of diverse activities of 
many performers funded by many, public and 
private interests. Consequently, the national 
resource allocation process, rather than 
representing an overall ^master plan, reflects 
decisions made at various Federal and' private 
levels. Factors that exert substantial influenceon 
the allocation of resources to R&D activities 
incKide economic conditions; pressure -from 
interests ofcitizens not dire^ctly involved with the 
"R&D community"; Federal policy toward sci- 
ence and technology; and social, economic, and 
technical opportunities. 

A major influence on R&D resource allocation 
is Federal •R.&D. policy. Some of the recent 
statemen ts\>f this policy were made in connection 
with the FY 1979Tederal Budget, and the recent 
Presidential' Message on Science and 
Technolqgy^ which called for growth of scientific 
research^^he Budget also reflected a change in 
perspective, showing the need to view R&D not 
as the purchase of a commodity, but as an 
investment in the social and economic welfare of 
the country. In addition, the January 1978 State 
of the Union Message called for a strengthening 
of the Nation's research centers and a new surge 
of technological innovation by American in- 
dustry. 

Economic factors strongly influi?nce l^&D 
resource allocation in a number'of ways. For 
'ocample, under favorable economic conditions, 
industry may be able to provide more support for ' 
research than under other economic cir- 
cumstances. Or, it may beapparent thatR&Din a 
particular area, such as produ<ft or process 
improvement, may produce short- terjn 
economic benefit to an organization. 

Another factor affecting resource allocation is , 
citizen interest in scientific decisionmaking. 



Whether R&D activities involve DNA, nuclear 
power, or lifeonMars, thepublic(whichsupports 
such work through taxes) increasingly demands a 
voice In the decisions affecting certain projects. . 
" Note that dollars are used as If surjrogaie for 
R&D activity, and also, elsewhere In this report, 
data on scientifican^l technical personnel are used 
as mWsiiresof R&Dactivity. The useof dollars as 
a surn^gate measure is particularly sensitive to 
distortioa produced by inflation, Therefore, 
emphasis is placed on assessment In terms of 
constant dollars. In the^absenceof a specific R&D 
price deflator, the implicit price deflator for the 
gross national product (GNP) is used to convert — 
current dollars toconstantdollars; 1972isusedas 
thebaseor reference year. TheGNP implicit price 
d(jf lator, which applies to the economy at large, is 
general ahd isonly approximately apuropriatefor 
use in connection with R&D as a whole or with 
specific R&D-performing sectors. Attempts to 
develop sectoralR&Ddeflatorsdemonstratethat 
this GNP def la tor is fairly similar tosectoral R&D ' 
deflators^ at least in the United States. 

The existing indicators do not measure the 
extent to which the resources engage the 
Nation's full R&D capacity. There are no 
indicators for measuring^^ either the general 
effectiveness of the use or R&P resources or^of . 
the efficiency with which these resources are 
translated into R&D activity (and, subsequently, 
intl> societal benefits). It is difficult to assess 
directly the quality of the resources directed to 
R&D, particularly the qualifications of the 
scientists and engineers mvolved. Coimpletedata 
and information are not available regarding the 
obj^ctwes to J, which total R&D resources are 
directed; only in the case of Federal obligations 
are R&D resource.data reported according to 
sp^cifiifc areas of national concern such as h^<'^lth, 
energy, and national defense. The Industry ^ 
chapter of this report includes some data 
regarding funds for energy, pollution abatement, 
defense, and space. 



- 77n' Ihul^ciottlw Uuitvii Stntca Govvt ttmvnL Tisur/ Yvar }^)7^), pp, 
6, 91 -Oft and IVesidcnlltil MrsiJiiftc on Science and Technology, 
delivered lo the Conj^ress of the Uniled SUiles, Marcfi 27, 
1979, p. 2. 



AdditioHiil infornvilion cmuerning R^D price doflJlors 
can be obUiinVd in A Ptkv ludn fm Dvthtion ol Atiulnitu R^D 
ExpnuUiurvi'. NtUiontil Science Foundiilion (NSF . 72-310); 
D. Kenl Hidsleod; tii^hn idumtwti fVia'.wim/ Pricv Itukxvs. 1^7 7 
bupvlvmniL Deparlinenl of Hotilth. Lducalion. ond WelKiie, 
National Inslituleof Cducalion, 1 977; and a paper produced by 
,lhe Organ iSi^tion fi>r tconomic Co-opera I iOn and Develop- 
ment entitled 'I tnuU in Uuiushial R^O in bclt\ted i^l Cn Mewhn 
Couuh'ivi, l')(^7} September 18, |97fl. Theestimatedrates 
ot inflation in the U.S. economy for \^7H ahd 1970 are 7..^ 
percent and 7.0 percent, respectively. Changes in the rale ot 
indatiot^ woukl require apptopnate a(.l|ii»tnu*nth \o the 
estimates ol '*!e^d*' K&D growth reported here. 
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NATIONAL RESOURCES FQR RAD 

H 

Levels of Expenditure 

QuantlhiUve indicator* Mslst in the study of 
relative changes In the allocation of resourced to 
science and technology/ <^nd they pinpoint 
significant shifts In available respurces, so that 
any needed program changes and policy a^tiofts 
caiVbe Initiated. Preferably, these adjustments to 
policy should be made after factors responalble 
for shifts In the allocation of resources are 
understood ahd alternative strategies have been 
— exploredv^-Howe vef/ s omeiimeiu-th e a v ailabie- 
information is insufficient to permit ^uch a 
rational strategic approach. ^ 

A brpad measure of the fiscal commitment to 
R&D activity is the^^ level ok- expenditure 
throughout the Nation. Inl979,thisarnQiint v^as 
$51.6 billion, or over $23fper capita {see figure 
M). 

Gomparing .R&D expenditures v^ith expen- 
ditures for other areas provides perspective. All 
R&D costs amount to less than oi>e-third of 
health expenditures. R^D expenditures are 28 
percent less than national landing for 
recreational activities and about the $dme level as 
the annual expenditures for advertising.** 

In the aggregate, R&D spending, reflects 
actic^nsby theCongress^governmental agencies, 
private industries) yiriversities and colleges, ^and 
nonprofit organizations, concerning -v^here to 
place a substantial amount of their financial 
resources. Such decisions are increasingly made 
unilaterally at lower .levels of. institutional 
C aggregation. . . - * . 

In terms of current^ollars, the level of funds 

Provided to R&D by all these sectors has never 
een higher. However, R&D has been just as 
•much affected by the forces of inflation as other 
activities. Following 7 yearsoflittleornogrowth, 
[ constant dollar national R&D expenditures have 
been advancing. Sudi expenditures were ap- 
/^A proximately $31.8 billion in 1979, 7percent^over 
the $29.8 billion reached in 1968. They are 
estimated to rise at an average anpual rate of 
approximately 3.5 percent between 1975 and 
lg79, compared to^an average annual decline of 
l.b percent from 1968 to 1975. 

Further growth is projected through 1985, 
with real expenditures expected to reach over $38 



Figure 2-1 
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« U.S. BurtMu of the Census, SuUintid}! Abirad ol tlw lluitetl 
Sttttcs: \077. pages 235 and 844. Also> U.S. Department of 
■Health, Education, and Welfare, livalth. Unifvd Shith 

DHEW Publkntion No. (HKA) 77-1232, page viiL* - 
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billion in that year.^ Much »f this growth is. 
expected to result from major increases in R&D 
spending by the Federal Government and in- 
dustry. The Federal sector will likely emphasize 
R&D spending for defiense, health, and energy, 
whereas the industrial sector will probably 
emphasize R&D for energy, regulatory R&D, 
and environmental R&D. UWversitles, colleges, 
and other nonprofit institutions are expected to* 
increase R&D funding only slightly. 

.These broad changes in overall national R^^D 
activity provide little insight into changes in the 
natJre of specific R&D work. R&D covers a vast 
spectriim of different types of activity, varying 
from basic. investigations, such as explpVing the 
nature of gravity, tospe(j||fic appHcatiOhs, such as 
developing new nuclear r(?actors. This spectrum 
is somewhat continuous; nevertheless, some 
discrete groupings are helpful in assessing the 
variation of subcomoonents and in evaluating the 
appropriateness ofthe activity balance. The most 
distinct activity difference is between research 



♦''See J^^^5 ¥\miu\^ /Vo/rr/ions, National Science Foundiition 
(NSF 70-314), for techniCiil detnils concerning this and other 
R&D funding projections. 
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and development. Research expenditures are 
much smiiller primarify because development 
usually involves high-cost hardwareand technol- 
ogy. The section of this chapter entitled 
Character of R&D Activities analyzes the trends 
for research separately from those fordevelop- 
„ment. ' ^ . . 

Expenditure figures alone do not show the 
viability of U.S. science and technology. There is 
no generally accepted model that can demon- 
strate thafa certain leyel of expertditufe is better 
thaii another, or that more dollars guarantee 
significant discovery. The value of science and 



technology in terms otTheir benefits to mantinct 
cannot necessarily be correlated to spending. 

There are certain measurable outputs, such as 
patent^ ond research publications. However, the 
relationship of these outputs to fiiinncial input is 
complex/ Effective scientific and technical 
progress can benefit from a steady, long-term 
fiscal commitment, and, especially in the private 
sectorJsuch commitment depends strongly on 
the miiiimization of uncertainties. But benefits 
can derive from abreak in support; in some cases 
the rej^roj^fping that often follows can lead to new 
areas of tictivity. 

R&L) in the Nation^il Economy 

The ratio ofT^&D spending to GNP was at'an' 
, alltime high in 1^64, when -it reached 2.97 ' 
percent. This ratio has fallen steadily^since then, 
to an estimated 2.21 percent in (see figure 
' 2-2), The gradual decline in the ratio of R&I) 
expenditures to the GNP is expected tovc^itinue 
through 1985, and theratioin 1985 isprojected to 
be about 2 percent/' The cause of past and * 
V projected changes is* not a decline in R&D 
. .expenditures ^^themselves, bi^it rather that GNP 
hab. incrua^e^d and Is projected to jncrease;faster 
than R&D expenditures. Comparable Jhistoricah 
data for other maji)rR&D-performing countries 
show that declines in R&D per GNP have 
occurred for the same reasohs as in the D.S., 
• except for japan and West Germany whose R^^D 
spending-has grown faster tha^n their GNP. • 

A similar patterncan be seen for thep^rcentage 
of GNP accounted for by research expenditures 
only. This ratio has declined steadily since 19b4. 
In that year, research spending amounted to 1.01 
percent of theGNP, but in 1979 the ratio stands at 
an estimated 0.80 percent. 

It is useful tostudy variationsinR&Dspending 
as compared to -changes in GNP. Highlighting 
relationships between* R&D spending in a major 




economic sector ^lnd spending in theecopomy asa 
whole may^ identify'elements of R&D spending 
that are particularly sensitive to economic 
activity in general. For near years, non-Fedeuil 
suppoi t for R&D has been highly correlated with 
the GNP' (see figure 2-3). The reasons for this 
correlation are. hot fully understood; possibly 
non-Federal supporters of R&D believe that they 
ean,deemp}iasize R&D (with its relativi?ly long- 
?te\m r*etacn);iempOrarily, in order to de^with 
'§hort-term fiscal constraints. « Thi^s^^vliriations- 
in jCjN^P may warn of impending'^shifts in R&D 
spending by the non-Federal sector. Since these 
sources account for approximately half^of all 
R&jD;?pending, they can have significant effects 
•'on national R&D Impending levels. 

The relationship betw^^en GNP and Federal 
R&D sp^ndjng is very low, perhaps because long- 
term Federal R&D spending in ge^ieral tries to 
deal fvith national problems, and^ in the short 



Ihtd. 



. " llu' a)rroliilio!i cooffii^u^nl fur ihis d<ilii scries is A)9. 
• ^ Soiiu'of llu' rtMsons jiivoti for ihis pluMUitncnon iippiMrin 

Suppotl ()/,H<isi( /\wrtf(/i bifjtuiushy (Si l iuiiH, Mo.: Imluiilritfl 
Kosoiirih Inslituto Rcscuvh C orpor«ilioii. Auju'h* U>78). 
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•term; Federal R&D spending is not a direct 
product of variations in national economic 
activity. However, on a lo.lJg-term basis, both 
national objectives and the^pverall level of the 
national economy are considered. This belief was 
reiterated in the NationaJ Science and Technolo- 
gy Policy, Organization, and P,riorities Act of 
1976, which stated that there should be a 
"...continuing national investment in science, 
engineering arjd technology which is commen- 



surate with national needs and the prevalent 
economic situation."'^ 

Sources of R&D Funds 

R&b ia supported'by private and public sectors 
of the economy. It has been a hallmark and 
strength of American' R&D policy to have R&D 
supported by diverse sources. This multisource 
funding can be important to effective R&D 
because it prevents the unilateral conti'ol of R&D 
priorities and thus reduces 'the chances for 
neglect of important areas of exploration and 
exploitation. Multisoui^o funding is character- 
istic of the role played by scientific and 
technological activity in the national economy. 
Each sector has its own needs and reasons for 
performing R&D, and these needs dictate the 
level of support provided, the type of work 
supported, and its duration. For example, indus- 
trial R&D programs often focus on work that has 
relatively low risk and provides sufficient oppor- 
tunity for producing economic gAin in a ' 
reasonable time. Federal R&D supporters focus 
more on programs of primarily national concefi), 
which probably have litt^p\ance of producing 
direct financial benefitsl^hich may carry a 
relatively high risk, and which n\ay require a long 
time to produce useful results. 

Federal R&D does deal with short-term 
solutions to problems. However, Federal R&P 
supporters recognize that industry is likely td, 
underlike sHort-term work and. not spend it^ ' 
limited.financialVesources in areas where paycrff 
is either improbable or too far into the future. 

Exiictly where in the economy does money for 
R&D comeirom, and which sectors provide the 
most funds for R&D? What changes have taken 
place in the extent to which each of the sectors 
provides funds for science and technology? 
Answers to such (Ijuestions are important to 
effective R&D policymaking, since knowledge of 
sectoral fmndjng patterns assists development of 
policy initiatives. For example, shifts in industry 
support for R&D might be handled by changes in 
tax policy. 

, Four major sectors of the economy provide ♦ 
funds for research and development: theFedera^ 
Government, industry, uii|versitiesaxid colleges, 
and nonprofit institutions. Most funds are 
provided oy Federal and industrial sources. ^ ' 

Since World War 11, funds from Fejderal sources 
have been farger than those from other sectors. 
However, changes have occurred, particularly 



^ The "Niitional SdtM>ce iind Technology Policy, QrganiZiV 
<i\o\\. awd Priorities Acfof IM.. 94-2t^2, 42 USC toO\. 

.dec. 101(a)(4). 



after the early lf>60'8\ Thus, from 1960 to 1965 
thpFederalGovernment provided approximately 
65 percent of all R&D 'fundsi, while industry 
provided about 33 percent (see Appendix table 
— — 2-3^ By T979rthip balance^^^ 

ly, with Federal sources accounling for only 50 
percent and industry approximately. 46 percent. 
The shift resulted largely from a decline in 
Federal support, a decline attributable to ter- 
mination of the manned s|face progrdm and 
reductions in def ense R&D spending. In addition,.* 
there were increases in industrially funded R&D 
that reflect growing reliance on research and 



development for the production of n^w products' 
and processes; product improvements; and 
attempts to cope with safety, environmental and 
other regulation? from the Government. 
- Total -spending -in -current -doyars -by each 
source has grown significantly over the W60- 
1979^ period (see figure 2-4). However, in 
constant dollars, the pattern oT change in 
spending is quite different. FOr Federal sources, ^ 
the growth period of the early 1960's was 
follpwedbysuDStantialdecreasesstartingin 1968 
and persisting essentially unchecked through 
1975. Over the 1968-1975 period, thes^ declines 



" mSoiiTU to ll perc^^ an nual" 

drop of approximately^ 3,4* percent, resulting 
primarily from reductiojriji In spending for. 
luanned sp^i?e pr0grams and defense. 
— Beginning In 1976, Federal R&D spending in 
constant dollar$i started to rise again, anfl it is 
estimated that expenditures will grow almost 9 
percent between 1976 and 1979, for an^iverage 
-annual gain of approximately 2,5 percent. 
Increased support for the space shuttle program 
and o>ierall increases in spending for defense and 
energy R&D have been.signif leant factors in this 
increase. For the period 1979-1085, continued 
il support in coiikant dQllarsJs— 



projected^ with spending in 1985 forecast to rise 
nearly 22 percent over the estimated .1979 level, 
for an average annual gain of over 3 percent. The 
main reason for this ^estimated growth is an- 
ticipated continuing increases in defense spend- 
ing, which account for thf bulk of Federal R&D 
spending. 

Constant dollar expenditures of R&D.funds by 
industrial sources also climbed steadily 
throughout most of the 19oOs, growing 75 
percent between I960 and 1969 for an average 
annual growth of almost 6.5 percent. ThiSy 
grovvth was followed by alternating periods of^ 
advances and declines from 1970 to 1975, caused 
largely by variations in general economic con- 
ditions that affect <;orporate spending. Over the 
1970 to 1975 period, constant dollar spending by 
industrial sources foiiRj^Dadvanced mor,e than 8 
percent, at an average'anniial rate of about 1.6 ^ 
percent. Since 1976, the corporate base for 
industrial R&D spending has experienced a more 
steady rise because of favorable economic * 
conditions and ^satisfactory profitability follow- 
ing the reressionarvperiods of the early 1970's. It 
is estimated that inm^istry-provided R&D funds, 
in real terms, will continue to grC)w through 1979. 
In- 1979^. expenditures arc expected to have 
advanced by about 11 peicentt>verthel976level, 
fo;' an average annual change cTf 3.5 percent in 
constant dollars. 

This rate of incri^'S'^e is expected to be main- 
tained through 1 985, A significant reason for the 
projected increase is the anticipated growth of 
R&D in the cliemicals industry. Nonmanufac- 
turing Industries, although representing a small 
fraction of the total, are also expected to show 
substantial annual gmwth in R&D spending over 
this period. , 



nPerformers of^^ 

The preceding section shows that U S. science 
and technology receive support ,fron\ various 

sectors of the economy, each supporting R&D to 

fulTill its own needs and meet' its own goals. "^T 
However, knowledge of who pays for R&D 
imparts no information concerning who does the^ ^ 
work. The performers of R&D have uniqMe 
capabilities that permit them to engage in R&D 
programs to the advantage of themselves and 
their sponsors. For these reasons, it is important 
to track changes in thedistributionof R&Dfunds 
to performers. 



• Sci^ I'^H^y luwiiu^ homhous, Niihoniil Scit'iuc Kouiuliilion 



, The Federal Government is the major provider 
oi funds for R&D, but industry has traditionally 
performed the bulk of the Nation's R&D pro- 
grams. The reasons for such reliance on industry 
vary, but they include the realization that 
industry, having its own R&D efforts related to 
its products ancTprocesses, is already prepared to 
take on a^itional R&D efforts, For example, 
industry has*a comparative advantage in develop- 
ment, testing, and evaluation. There is con- 
siderable variability in the level of R&D activity 
among different industries. 

The Government spends considerable sums of 
money on its in-house R&D efforts, bi|t as a 
percentage of National R&D expenditures they 
represent one of the smaller sectoral cgni- 
ponehts. In 1979, Government is expected to do 
$6.9 billion worth of R&D, only 13 percent of the 
total industrial performers are estimated to 
spend $36-8 billion in 1979, or 71 percent of the 
total (see figure 2-5), Universities and colleges 
will account for an estimated $5.0 billion or 10 
percent (primarily in research). The university- 
administered Federally Funded Research and 
Development Centers and the nonprofit in- 
stitutions will acccnwt for approximately $1,4 
and $1.6 billion respectively, or about 3 percent 
apiece. The proportions held'by theseperformers 
have been fairly consistent throughout the 
1970s. 

For industrial performers, 1975 marked the 
end of a decline in constant dollar spending that 
began in 1969. Much of thisdeclinejresulted from 
rediiced Federal R&D support; In 1979, the 
industrial sector is expected to spend more on 
R&D, ill constant dollars, than ever before, 
exceeding the 1969 J)eak year by about 7 percent. 
This growth is a product of strong spendinjj of ' 
industry's own funds plus increased Federal 
support. It is estimated that 1979 industrial 
expenditures in constant dollars will rise 12 
percent over the 1976 level, and spending by 
universities and colleges will climb 10 percent 
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oviM* this v^-yo.u' ptMiod. Ainoi^g univtMsity- 
nclministrrod KFRDC's. const.int dollar spending 
is predicted to grow only 2 percent. 

Scientists and Engineers 

Thus fiu-, expenditure level hi^s been used as the 
^ primary surrogate nieasure for R&I) activity. 
Possibly a'moredirectindicatorof R&Dactivity is 
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the numbet* of people employed in R&D." This 
- measure is useful tc^r validating general trends in 
expenditure data, because of the relation 
between oveiall expenditure levels and the 

" HiH.uisr ni.iny siu'nlisi»> .uui iM\>*UH'rrs work in Ki^P 
p.u t liinr , 111 uii!\ iM Miles .uul i olU*>\rs), on oppi oxnn.Ur 
full \mv (Hiuix'tik'nl (I M ) f»>'.uu*-is umhI imIumxcK mi ihi^-* 
disuis^jion ^ 
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amount of [UMHonnel effort devoted to R&i,D, 
However, this reLuionship could be affeeted 1iy 
rapid increases in personnel costs or variations in 
llu* mix of cost components. Since industry is the 
largest performer of R&D, it also accoimts for 
more scientists and engineers in R&l) activities 
lhaivall other sectors (see figure 2-6). In 1979, 
industry represented nearly 70 percent of the 
total 

Beginnir\g in 1*^74, employment of R&D 
scientists and engineers started to rise, after 
having decliru*d steadily between 19(>9and 1973. 



However, not tin til 1977 did employment levels 
pass the previous peak iTf 1969,but by 1979, the 
1969 peak was exceeded by almost .10 percent. 

Most in\Teases in employment from 1974 to 
1979 occurred among nongovernmental per- 
formert^of R&D, threo-fourthsof which resulted 
from industrial growth of R&D activity, (For 
more comprehunsiv^.* treatment of this topic, see 
the Scierrtific and Technical Personnel chapter of 
this report.) 
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Research and development has thus far been 
treated as'^ao entity, eve^i^though it incorporates 
diverse scientific and technical activities. How- 
ever, policy decisions.aboul science and technolo- 
gy can be improved when the level of available 
information is further disaggregated. What 
balance is beiVig struck betvyeen expenditures for 
research as opposed to those for development, 
and what is the mix between the two major types 
of research— basic and applied? Boiially impor-, 
tant are questions about sources orjfupport for 
each type of activity. The following 'sections 
analy/e trends in support for research separately 
from development, as well as patterns of support 
for basic and applied research. Expenditure data 
for each ^ypt^ of activity reflect the Nation's 
emphasis on advancement of basic scientific 
knowledge,^ application of knowledge to solving 
national problems, and development of products 
and processes used by oiir society. Some of these ' 
efforts are designed to meet short-term goals, but 
others are not expected to prodUce immediately 
Useful information or resijJl^inany economicgaln 
for years to come.*''- * ^ 

Development and Total Research 
Expenditurefi^ 

Most R&D founds are spent on development, 
which typically accounts for about two-thirds of 
the total natic>nal R&D expenditures (see figure 
2-7). In constant dollars, expenditures for 
development have grown substantially between 
1975 and 1979 to an alltitrje high. Increases in 
Federal spending for development accounted for 
part of this increase; however, industrial support 
also played a significant role (see Appendix table 
2-14). Constant dollar slipport by industry has 
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The definitions of bo sic resrarch, opphed roscarch, and 
devolopmt'nt urc provided on Appendix tal>le where data 
by character of work are presented. 
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IfV COiYsliVrvr dolhifs, rcHoaTch dpOnding has 
experienced a siV^oolhtr pattern of change than 
has development. Research spendin^^ leveled off 
from 1968 through 1^75. In 197,6, rescv"'^^ 
spenfling started upward once again reaching an 
alltime high in 197<^. This growth resulted fri>n) 
increased support by both induiitry and the 
Federal Government (^ee figure 2-8)^. 

Scientific and Technical Literatui'e 

1 he impact of the constant dollar decliiu»s in 
research spending through the early seventies 
was felt more heavily in somi» research areas than 
"Othersr^-hrrc hTiTrromei^o be-ai-wn^o^'nur-year 
lag (depending on tjie field of science involved) 
between the performance of research and the 
publication of its findingsJ-^ From 197.1 to 1077, 
seven of nine major fields saw declines ranging 
between 5 and 25 percent in the number of U.S. 
research articles published in the world's most 
influential journals (figure2-9).* * Only articles in 
clinical lyedicine and biomedicine continut»d to 
rise in number over this pericui I he greatest 
decline occurred in mathematics where publica- 
tion rates for universities, the Federal (.overn- 
ment, and industry each tell by 25-20 percent. In 
engineering and in chemistry, the industrial and 
Fedei al Government sector literature dropped 
the most, while in the eartKand space sciences, 
the ! ederal Govei nmenf.accoiinted for almost all 
of the overall drop by tlie 20 percent decrease of 
its lilerature, ^ 

The distribution of scientific and technical 
articles by research-pertorming sector did not 
change significantly in the 1973-77 peiiod (see 
Appendix table 2-9). 

This considerable stability of input to the total 
corpus of scientific arid technical articles was 
accompanied by. an apparent increase in the 
extent of cooperative research being per- 
formed. If one assumes that scientific and 
technical articles written by S/E's at different 
institutions or organizations reflect such joint 



shown a strong overall growth pattern. The few 
declines it has experienced have, to some degree,^ 
resulted from economic conditions and general 
corporate profitability. 

Devebpment cc^sts are gen(^M ally much larger 
than research costs and, of coio-se, lepresent a" 
very different type of effort. Single research 
projects can vary widely in theii* costs, but 
expenditures of* $50,000 to $100,000 are hot 
uncc^mmon. In contrast, the cost of developing a 
single large item of "hardware or pilot operation 
caii run into the millions. 



rhis ostim^itcd \^\ is l>nsrd on work done hy C cuupulrr 
\ iori/.ons, liH\ 

" Sec tho.Boyit'Rey earth chapter loi^a discussion of the* 
consiUerably dif/<MTiU rates'ol change in the nanir licid lor 
basic and for apphed Vosoarch articles. Tho declines described 
hero may bo slightly overstated if loan resoanh is bcinf» 
conducted of the type that^eady to publication, if there are 
iiHToases in the effect of factors impeding t^e release of such 
research in articles, or if the U S. iirticles are not as likely t.obe 
carried by this set of over 2/100 influential journ^ils as in 
earlier years. - . 

^> Defined as articles which' were written by scientists iind 
engineers in a givei^ orgai^i/ation with sc ientists and 
engineers from another orgai^i/ation. 
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*' Totil resstroh t xptnditurtt by touroc: 1960*79 

CurrtQt doirart 

(Billlom) 



Uiiivcisitics NPI 
ami colloKOS > ^ ' 



(eitllons)- 
$19 




I960 62 64 66 68 70 ' 72 74 76 78 79 ' 1960 62 64 66 68 70 72 74 76 78 79 
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effort, it (WW he bri\\\ froiu li>;ur(^ 2-10 tUni 
iiuriMsial t(>opiM\Uivr aiil lu>i v;hip of llus typt^ 
occurred \u nuuiy lirkis tuul svtlors. II o\\\y' 
thtinf^rs'^lHMln llitUi5 port iMnl aro considrrod, six 
of the* nine fields saw sc. insists aiul ehgitUHM s '\\\ 
univcrsity*adn\iiiistiM t\l KTRDC's iiu rrasc^ thr9' 
use of thisi^'ooporativi^ nu>di\C)!^ the other haiul, 
university stieiUists aiul engineers 'ind thos(^ 
friMU the otherihr(^(^ sectoi's by ai\cl large showed, 
inereases loss tluu^ 5 perciMU on this indicator of 



Aoo()erative' it^searth activities. {Svr A|>|hmkIi\ 
table 1^\0), 



BiMiic iind Applied Rcj^Oiirch 

L\penditur(\s for basic and applied resiMreh 
lepresent only One-third of the i\ational 
toli\l but the knowledge and advaiues gained 
oltei\ have social ami (\oi\omii Jii\pacts griMler 
tht\i\ the (^xpiMiditures iiwolved. llu^relore, tin" 
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Pi rcent changn in the number of 
science and technology ertlctei * 
by U.S. authors byjiel^: 1973 to 1977 
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" Werall lev el " and "the ba la nee beTweeh "^h 
activities should be monitored sx) that shifts in 
levels of support c<1n be identified and policy 
options for dealing with them can be examined. 
. Re viewof historical patterns of support for each 
type of research activity pinpoints areas in which 
policy changes and shifts In emphasis have been ^ 
made, Such was the case in 1976, Total national 
mditures for basic research, in constant 
dollars/ had been declining steadily since the late 
1960's (see figure 2^-11). Expenditures for applied * 
research fell, thgn leveled off near the 1968 level 
through the mid-1970's before rising again, 
^ Further study shows some possibles a ust^ s for 



JV ,T-^ f ^->-«^, » r,^ -^^^■i.^ i , 

these earlier declines (See figure 2-1 2). In thecase 
of basic research; Federal support had fallen more 
than 13 percent from 1968 to 1975;i' and this 
drop in Federal funding was primarily responsible 
for the overall decline of this activity. Over the 
same period; constant dollar basic, research 
expenditures by industry fell 17 percent. Policy 
actionsby the FederalCovernment were primari- 
ly responsible fbr the rise In funding levels for 
basic research: in 1979; an estimated 16 percent 
above the 1975 level. From 1975 to 1978, constant 
dollar support by Federal and industrial sources 
rose by 14 and ^9 percent; respectively. Even with 
these increased; total constant dollar support for 
basic research in 1978reniainedatabou^the 1968 
level; though it rose almost 4 percent in 1979. 
Federal support in 1 978 wa,s at thelevelof the late 
1960's; and industrial support was comparable to 
Ifhat provided In 1970. 

\Applied research expenditures; in constant 
dollars; also began a sharp rise in 1976, climbing ' 
nearly 9 percent above the 1975 level. By 1979, 
total constant dollar expenditures for applied 
research were estimated to be almost 16 percent 
higher than they were in 1975. 1 he largest two 
\^>urces of funds for applied research were the 
Federal and industrial sectors; accounting in 1978 
for about 50 and 45 percent of tjie total, 
respectively. Real dollar growth was significant 
from these SQUices between J 975 and l978; with 
funds ^J|.>rovided by Federal sources rising by. 
nearly 10 percent in this period; and ijidustrial 
support growing over 15 perjient. 
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Much si^nifkiuil work hiis bcon doiu* with rc-giird to the 
soiial and oconomic bonefilrt of rcsoaniv Sco.'n/ji /ri/ /\irIiThM,v;s«>'» 
5(U'm<\ 7c</oioj|iwy und ihv Lummy, Subauninillor on Suimuo.' 
Ro»o«irch tiiuTuovot'opmcnt, CommiUoe on ScinniV^irui 
Adlronautiis, U.S,.Houscof RoprosentIf\ivcs. Ninoty-Smuul 
C^ongross, First Session Oct. I, 1971, (oi mii|orrefcriMUrb on 
this topic. See obo the torthcoming reports on the NSl 
sympoHium on the RrlniiomJwp Iklwcni K^f^nm/ /\i7»nis jum 
7Vi7i«o/(\v'Kii/ Innovalion. Moy 21,1 077. and the NSi" bymposivui) 
on the Ri*hif(otishtp Ikhcrvtt KiS/> /n>fii)miV Cnoivfh^Vtotlmhvtty. 
November, 1977,' 
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Judex" of coop»iiitl¥ji'r|ii|M^h1itito^ 
•by nmti and saltc^lli^liifCh^itffA^M^ni 




Gon&iitin< of th« (Ktoentigt bf *tl atlKIti which by U.S.^&ctlnllltl «ifO inflMin In « t\m , 

ouiAi^U«l<on with S/U f)(>m inoth«r ot'ff«niiation«Ax. U $/t') front oni un)v«tilty comlhof in aittcli 
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. pyi^^^YiON A V AREAS OF FEDERAL! Y 
FUNDED R&D 

Expenditure decisions concerning fv^nctional 
areas of R&D' are not usually made from the top 
dpwn. Federal R&D expenditures in the 
aggreg<)te rise 9r fall only after myriad decisions 
with regard to individual programs. Total R&D 
spending levels simply reflect the sum of many 
varied strategic decisions concerning specific 
science and technology efforts. 

Identification of functional areas of major 
Federal scientific and technological activities 
pmvides— a— bas is fo t^-assesslng-^ederal— R&rD 



priorities, for deciding whether or not areas of 
great and^iitmiediate national concern (such rts 
energy) are receiving sufficient support, and for 
deciding whether or not there is proper balance In 
support provided for all functions. 

Federal support for theNation's R&D activities 
is presented ay figure 2-1 3 in terms of th ree major 
categories: national defense, space, and allclvilian 
R&D. The largest of these categories, by far, is 
n«itional defense, followed by all civili/m R&D, 
and then space. ^ 

The data show that national R&D priorities, 
have shifted considerably for these three major 
categories. Substantial changes haveoccurregin 
the space category, where the f rac tion of the total 
held in 1979 amounted to 12 perqent—half of; 
what it was a decide earlier. Civilian areas of 
R&D held 39 percent t)f the total in 1979, 
compared with 23 percent in 1969* This shift 
from space to civilian areas seems related to the 
deempnasis of the'strong manned space program 
of the mid-1960's to late 1960's and the develop- 
ment of new Initiatives In health, energy, and 
enviroiimental areas/ Smaller changes ^have 
taken place in the proportion of total R&D used 
for defense purposes, This proportion has stayed 
at the 48-50 percent leVel since 1976. Ifarlier 
trends can be found in Appendix table 2-15, 
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Throtighoul the following discussion of Feder«ll R&D 
functional areas, it should be noted that estimates Riven for 
'^1979 may change significantly as a result of congressional 
action' on agency budget requests. Data regarding the 
functions are presented in terms of Federal obligations. 
Obligations represc»nt the amounts for orders pUced. 
contracts awarded, professional sefyices received, iind similar 
liabilities incurred during a given perit>d, regardless of when 
the funds were appropriated. Expenditures (outlays), which 
have been discussed in previous sections of this chapter, 
represent amounts for checks issued andoash payments made 
during 'a given period, regardless C^f when the funds were 
appropriated.^ t 
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National I^D •xptndlturat by oharaoUr of Work and touroo of funds: 1960-78 
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efforts and adViWedtecKnoloRydievploprncnt, In 
iiddition, emphdsis was pKiced on developing 
yaiious strategic systems, including the inlercon- 
tinehtal ballistic missile, strategic subm^irine 
systems, the aij-Uuinchcd cruise missile,, and 
various tactical systems to improve early ctMiibat 
capability for U.S. forces in the defense of 
Western turope. Continued defense support is 
also provided for the NASA space shuttle pro- 
gram. 

Space R&D 

Ob|igatjons for space R&D have varied con- 
sidcM~al^y over tlVe yea 
A race following the launch of the Soviet's Sputnik 
in 1 ^57 led to rapid development of earth orbiters, 
followed later by the massive effort toput men on 
the moon. Piiorities then shifted somewhat away 
frt)m spacc\ producing significant declines in 
xpace R&D spending. Recent initiatives relevant 
to the space shuttle have sparked moderate 
growth in space R&D. In current dollars, 
obligatitins n)sean estimated 35 percent over the 
period 1975-1^^79, at an average annual rate of 
apf>rt)ximately 7,7 percent, compared to an 
average annual decline ol 8,3 percent over the 
1970-1974 perit)d. Major emphasis in ^979 within 
this function includes continued development of 
the space shu ttlesys tern and procurement of fou r 
shuttle orbiters for operation from both the east 
coast and west coast areas of the United States; 
spai;^* telescope development; the Jupiter orbiter 
and probe; and development of a spacecraft to 
study, for the first tinY\ the polar regions of the 
Sun. 



National Defense R&D 

In 1976, U.S. expenditures for all military 
purposes amounted to $91 billion —54 percent (^f 
total vyorld military speeding for that year, and 
more than 5 percent of the U.S. GNP.*^' in that 
year, defense-related R&D obligations alone 
amounted to over $10 billion, or approximately 
la percent of all military spending. DefenseR&D 
spending in current dollars apf)eared to level off 
somewhat in 1973 and 1974 but has continued to 
rise steadily since then- Obligations grew an 
estimated 12 percent between 1978 and 1979, 
with part of this increase slated forbasjc research 



»'> World MtUtaty Lxvvndifutcs tvul /\r»i> lUinr^jn^. p)f>7 /«?7(>. 
U.S. Artns Contri)! .iiul Disnrmamont A^UMuy. Publicatioi^ ^^8, 
p, 28. 



Civilian R&D 

This categoiy, encompassing 13 functional 
areas of science and technology, includes the 
areas of R&D that most directly affect thelivesof 
U.S. citiz^ens. Policy decisions in these.areas are 
reflected in the level of fiscal support for the 
individual functions (see figuri^ 2-14). 

As noted earlier, civilian R&D comprises about ' 
39 percent of 'all Federal R&D obligations. 
Obligations for all civilian functions together 
have experienct%l rapid growth in each year 
between 1974 and J 978. For example, federal 
R&D obligations for the functions in this group 
giew 21 percent between J976 and 1977 and 16 
percent between 1977 and 1978.. However, 
between 1978 and 1979 this pattern of growth 
slowed somewhat becauseof <^ number of factors: 
attempts to avoid taking over activities more 
appropriate to the private sectOi, such as 
developing, producing, and marketing new 
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broducts And* proce»!je» lasTn sblar ^ 

Tieatlntt); the neeci to avoid public investment in 
technology v^here ustr demand or future 
economic viabiHty and institutional acceptance is 
-highly unlikely; and the need to avoid 
overinvesting in multiple demonstrations of 
somewhat similar technologies, or technologies 
that promise only marginaUmpVovements, as in 
tht case of coal gasification demonstration, The 
appropriate role of Government is toemphasizd 
long-term (and relatively lower cost) research fof 
the future and new technology options rather 
than majrtr commercial-scale (and relatively 
— higheM:oat)-d^onstratiQns^ 



Health and energy R&D together have made 
up well over half the obligations in recent years*. 
The fraction of total Federal |^4tD obligations 
held by each function is presented in table 2-1. 

The Nation's ht»aUh,R&D activities hhve 
grown dramatically from relatively modest 
beginnings. In 1969, national obligations for 
health R&D were well over the $1 billion mark, 
and estimates show that health R&D will reach 
$3 billion inJ979. However, beginning in 1977, 



health R&D W a jperce^^^ 
spending decreased ..considerably, primarily 
because of .reductions ^in funding of R&D 
pYograms for health care delivery, 

Energy devejopment and conversion iavolvifii 
R&D projjrainV Vnicial to^ national goals of 
providing 9^fe, Kontiijiica'bajnd plentiful energy 
sources; ihii^ iolWD^r^ejn^^ in 
civilian R&D: ttrilW^,^^^^ for 26 percent 

of the tpt^lj morg tH^^vsF^e the percentage it 
held In 1909.M^'is also an area which recexitly has 
experienced extrem^fly rapid growtli— currefvt 
dollar obligations have advanced at an average ' 
annual ratp of 33>6 percent betweeixl974 (the 



These f«ictors are described in Sifaial Analysvy: ihtdjivt of thv 
Unitfd SfrtfrN Cimnwtcttt, Fisai/ Year p. 307. 



year just pifHeding new energy R&D initiatives) 
<>nd 1979. 

* Main energy R&D programs^ Indude the 
development . of technologies for increasing 
domestic oil and gas production; mining and 
burning coal iiwe efficiently and cleanly; produc- 
ing high Btu ^synthetic pipeline gas; pursuing 
better means to extract oil and gas from shale; 
advancing geotheri||jiJ power production; sup- 
porting the developmentof a broad range of solar 
energy options; (I ttempting to develop acceptable 
alternative fuel cycles that may preclude the 
potential problems* with liquid-metal^cooled, 
fasf-breeder reactors; aitd controlled ther- 
monuclear fusion. 
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EnA^'onmental R&D ' actlvitieft encompasss 
pollution control; onyironmtMitiil pitHcction; and 
understanding, describing, and predicting the 
environment. The growing awaieness of tl^e 
relationship between ehvironmentalqm^Hty and 
human health h(is led to emphasis on*nvlron- 
mental h^»alth and safety. Environmemal R&D 
proftrains recen tly accounted ior fabout 10 
ptfrcen t of t h e ci v il ia n R & D tot a I . Th is propor t ion 
hati not Varied significantly since 1976. The cost 

,,of environmental R&D iyitiatives is high— in 
1978, obltglitions exctjeded the$l billii^n mark for 
the first ti^ne, and estimafps for 1979 show that 

-obligatiPt^^ wi|ii?xTrpaB^hei^^94^leveK(bii 
enougK to overcome the effects of inflation). 
However, th^^se support levels arc directed 
toward'ameliorating a problem which carries far 

V greater social aild financial cost^s. 

FEDERAH?¥ FUNDED RESEARCH 
FACILITIES AND EQUIPMENT 

Continued advancement infill areas of scienoo 
and technology requires appropriate facilities and 
tools of the trade. Progress cannot occur unless 
such tools as nuclear rtvjctors, telescopies, com- 
puters, high-energy accelerators, and wind 
tunnels iue adequate to the work at hand. High 
costs of purchasing, o^^rating and maintaining 
many type%of devices have impact oh persons in 
ajl R&D-p^forming sectors. This. section dis- 
cusses the jmst and present patterns of spending 
for facilitiel and for . equipment purchased 
through Governmental sources, and it presents 
sbme policies, planned i\s well as functioning, for 
jMOviding adequate research equipment. 

R&D Plant 

Federal funding of R&D plant plays a signifi- 
cant part of^ho total inv*estmen t in this area. Such 
« funds cover acquisition, coi^struction> and major 
■ repair of R&D* facilities, as well as purchases of 
large fixed equiprrienl Such as reactors, wind 
tunnels, and rtidio telescopes. 

Federal outlays for R&D plant have fluctuated 
widely (see figure 2-15). The rapid growth of 
constant dollar expenditures during the early 
1960's was chiefly due to the exj^ansion of 
•NASAV Intramural facilities and thajpecline i^n 
the late 1960's Utrgely reflects the completion of 
these facilities. The upturn in expenditures^ftei* 
1972 reflects increased spending for energy- 
. related facilities/ particularly for equipment to 
support work in fusion power research and high 
energy physics, the support of space shuttle 
facilities by NASA, and^he construction of three 



Federal expenditures for RftD plant: 1960-79. 
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major research facilities by the National In- 
stitutes of Health. ' 

Federal intramural laboratories, industry, and 
, FFRDC's administered by universities account 
r for mo,it xibligations for R&D plant (see figure 
2-lo), In 1977, theseperformersaccountedfor52 
percent, 23 percent, ancf20pei'cent, respectively, 
' of the total. These performers gained incwased 
•^. support in 1 977, but it probably was not sufficient 
flT make up for the steep declines experienced 
' throughout the late'1960's. 

Equipment for Scientific Research 

iVith today's- equipmeht and computational 
^ resources, many R&Dtaskscanbeperiormedina 
fraction of the time ret^uired a few years ago. A« 
the frontiers of science advan^'e, the devices 
required for measurement or for more detaileci 
analysis must be increasingly more sophis- 
ticated, and can be more costly than ever before^ 
This expense obviously is not only a function of 
.increased sophisticatic»n, but alsoof tapidly risiqg 
costs affecting all sectors of the economy, 

The availability of adequate oquipfrnent in 
universities has implications beyond thejneed for 
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granted individual invesllgalorft approximately 
$98?9 million in 1977 for Equipment for scientific 
research (see table 2-2). 



imaMX pf Ici ^mivt Mid to wmt\ Cuirint 
dollui to'GOflititit 1972 dollifi- > 



ScUnct lndlcitori^I978 



scientific^advancement. Because advanced equip- 
ment is not always available, there isconcern thab 
students are not being properly educated in the 
state-oF-the-art -of their own disciplines, t^unds 
for equipment are provided to academic 
researchers in a variety of ways, but one of the 
most important is that which is provided either as ' 
part of a Federal research grant, or that granted 
specifically for equipnient purchase. The two 
major sources of these Federal funds are the 
National Science Foundation and the National 
Institutes of Health; together, these two agencies 



cqnitant dolUrii^ t^unii 




X976 I t f-fj \ » i\ . V| V'V ;V5j; 



InfHtut0$ of Health/. ur^p^Mif^^^ 



This figure is ajfproximately 29percent higher 
than funds gran ted in 1 974 and is nearly 9 percent 
above the 1976 level. Evbn in constant dollars, 
equipment grant support Kas^becn advancing in 
recent years. » 

In addition to programs of incriMsed financial 
support for equipmeiSt, other initiatives have 
been developed; these include plans to encourage 
sharing of equipment within university labora- 
tories, and the establishment of regional in- 
strumentation facilities where investigators 
could. perform research programs. 

In the equipment-sharing program, univer- 
sities establish inventory systems of equipment 
available for sharing; these inventories are 
available to universib».researchers.2LRegioi\al 
instrumentation facil^|^ are being established 
by the National Science^undation and serve as 
central sources of unusually expensive equip- 



^' For furlhcr informalu>n concerning guidt'liiH's for such 
invcntorios, soo Mtniminu Rcquimncuh at v Nve'ikii for i^'M\s^v^ ivui 
Ihiix^mihvs to Jw^tify Rr^tundi iffuiimnit Puti C jrncral 

Accounting OffiavHRi>-78'32, May I 1. I078. 
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went otherwiw^ not re/idi(y avi^ibbl^o scientists 
and engineers. The types of equipment con- 
sidered under this program incljude devices for 

nLidear^magnetic xeaonante spectroAcopy , mass 

spectrometry, X-ray crystallography, lasers, and 
pnotoe^^c^ti'on spfyctroscopy. ^ ► 

OVERVIEW ^ 

The 'general pictujyi,,,^^vhich emerges is an 
encouraging ane. R^D activilyvhad b^een declin- 
ing following the rapid growth ofthe early 1960'8. 
Well-founded concerns were expressed regard- 



important In terms of short-term economic and 
social benefits. 

National 'defense accounts for the largest 
proporttoa of E$d£i::d RiS^ jipendlng and con-, 
tinues to grow* Spending for space R&D alsd 
requires siibstantial Federal resources. Increased 
spending^in recent yjears for the space shuttle 
reflects the desire to capitalize on the practical 
value of the gravity-free environment and 
simultaneously advance man's understanding of 
the universe. The space shuttle program is 
expected to permit advances in manufacturing 
drugs and devices to a'degree not possible within 
the confines of the Earth s gravity. 

In civilian areas o^er than space, health R&D 
and energy R&D together comprise wellover half 
the total. Obligations in both these areas remain 
strong. However, the phenomenal growth in the 
energy areas since 1974 has slowed, perhaps' 
temporarily, This chang^ reflects the view on the 
part of the Federal Government that because of 
increased incentiVe for private investment in 
energy R&D, less reliance needs to be placed oi) 
the Federal budget to meet this national need.^^ 
As a percent of all Federal R&D spending, total 
expenditures in civilian areas had been groiwing 
during the 1970 s, but in recent years this trend 
seems to have been revfiirsed. 




^1 Some. . questions .have been rj^ised conceding the 
potenHal for certain manufacturing operations In a space 
environment. For additional information concerning this 
topic, see MaUrhh Procrssing in Space (Washington, D,C,: 
Committee on Scientific and Technological Aspects of 
Materials'^Processing.in Space, Space Applic^ohs Board, 
Assembly of Engineering, National Research Council, 1 978). 

23 Special Analyses: Budget of the United States Govermnent, fifcal -o. 
Yearl980. p. 296. ♦ 



^ Ing the erosion of the necegWry resource base 
upon which the next generation of scientists and ^ 
engineers must build and upon which the future 
welfare of the^ Nation will depend. However, , 
national expenditures for R&D activity are 
advancing. Once again. Federal support for R&D 
is increasing; in constant dollar terms, and the 
private sector is providing' resources at levels 
higher than ever. TheUnitedStatesGovernment 
has explicitly adopted the idea that R&D is an 
investment in tne future — nbt simply the 
purchase of a commodity— and therefore should 

, receive appropriate support. 

Among t|ie two major types of research 
activity — basic and applied— a period of modest 
real growth has persisted for longer than any 
time since the li^te 1960's. This pattern is 
significant, becaiise it means that "Hie 
groundwork Is being laid for increased long-twm 

^ scientific and technological adva'nces through , 
basic research, and more short-term progress 
through applied research. Development expend- 
itures, which fluctuated considerably from the 
late 1960's to the mid-1970's, now seem to be 
growing steadily. Such growth is particularly 



Chapter 3 

Resources for 
Ba^ic Research 



ERIC 



63 



71 



r I 



. -..w,, ...... .Jfcj..^:^ 



Resources for Basic Research 



INDICATOR HIGHLIGHTS 



I 



Total national expenditures for basic 
research have grown during the period from 
1976 to 1979 in constant, dollar terms 
following period of reduced spendi ng 
between the l^te 1960's and mid-1970'8, I his 
growth resulted primarily from Federal 
increases based on the realization that basic 
research represents an investment for the 
future. (See p. 65.) 

Universities and colleges perform the largest 
percentage of b^sic research in the United 
States. The share accounted for by this sector 
has increased in recent years. In 1960 this 
sector ^pent 36 percent of the Nation's 



expenditures for basic rese^ch^ but by 1978 
it nad risen to 52 percent. Reasons for this 
cjftange include reduced basic research activi- 
ty in thelndustriaPsector. (See pp. 67-68.) 



Beginning in 1976, constant dollar basic 
research spending by Industry, which ac- 
counted for approximately 16 percent of the 
total; has advanced slightly, following a 
period of declining support that begfin In tKe 
middle-to-late 1960's. This relatively recent, 
modest growth is significant^because it may 
signal tl>e e,ncl of the longstanding trend of 
decreased industrial basic research activity. 
(See pp. 74-75.) 
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li.^siL I os(*an h pItU's ^ spri i o\v in I ). it is 
sonu'linirs llu>ii>;hl o\ pi iin.u'ily .\s.u\ inlt^lhx lual 
tMulr.u'iM, .uid, .^s sikIi, it .linis to .uK'.uui' iniiiTs 
iMui/r.laiulii^)\ of hiinscll .uul his rnviVonnuMil 
I Unvo\*ot , b.isu I i^siMn h scrvi^sol Uvy pin posrs.u^ 
vvfll. It is i t^luHl on by \hv .u .uliMiui coninuinily .is 
a way lo/*diuali^ sIikIimUs aiul In' \hv \'i\\cvM 
C lOX'tMiinuMit aiul iiuhisli v to acvoi^TJ^IisH sot ial 
.uul i\i)noinii obji*cli\ cs^ 

I lus JiapU*! ^.Iist iissi^s ihi* national it^soiirtcs 
piovjJiHi to aJurvi^ tht^st^ )»oals^ As Jist iisstul in 
llif pi vious cl^aptiM , I oson 1 1 t^s I or bai.ii rcs^tUc h 
au' nuMsureJ priinariliftin ttMins of \\\v linuls 
availabli\ alt lu>ii>;b s'onu^ iiuliLatLirb\ltMlinj» vvith 
,si ionlil ir ami tin hnical littM atiin^ as airt^utpiit ot 
hasK t rscain h mv pi t^siMOcd I his JVc\plcr will 
not atlompl to qiMntily tlu^ tot.\l output o\ basii 
i(\st\uih; .lunv(»vct, tlu^ tnononni^ ami social 
bonclit s.li on\ basiy i (^s(\u\ b piojrc ts .nt^ subs tan 
tial ' ' ' , 
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TUv iiulii tUoi s pi t^scntri.! here have a number 
ol limit at ions. 1 hey Jo not l ovim tbr substant ivr 
asptnts o\ ba>;i\ icsraivb, such as aJvanrt^:* in 
knowh^b^^' achieved in the varitnis seientilie 
disL ipliiu^s. * ' I lu^ indu at ors Jo not inelndt^ 
nu\\sures ol the el jeetiveness or |ii oduetivity ol * 
basic rt^se.u c h ac tivity 

There aic^ also limitations to the Jala used in 
ileiu ribin^» soiiu^ ol the ti eiUispi osented here. \ or 
t^\ainple>. it is Jillu iilt to distin^on^b "basii" 
rest\u\h liom "applied ' reseaich. A partic ular 
rt^scMieh effort m-ay he identified as basic cn 
appluul, dependii\gon whether the i lassif ic at icMi 
is made bv the research sponsoi oi by the' - 
pt^t^'f tMi)iiny» ory;ani/at ion or in(.liviJual. I)espite 
tlu^st^ limitations, tlu* Jefihituins piovided wlien 
clat.\ art* ]^.\ther(Hl hcU'e been ctMnparable oyer 
tinu\ and interviews c^f sui vev rc^spcmdents bUovv 
thcU iiUerprcMationsr while vaiied, .seen'\ to be 
f airly c consist et\t ovei tune. 1 hcM'elore, the ti ends 
presented can servc^ .^s lea^onahli* mcOsuri^s of 
t h.\Mj;e. 



\ o\ ilhpas.ihoiv. ol '.ptHilu siirnhlu l)M\iklhrouj\h«.. si-r 
/ >.n,*||' 'nn'm N.iIhm^jI Si iriu r I ouiul.tVion I NSI If^)... 



NATIONAL RESOURCES FOR 
BASIC RESEARCH 

It is very difficult to inotisure the changes in 
J^nowledgo or economic productivity that result 
hxyx^^ basic research activities. The indicators thai 
foUow, however, reflect the level of these 
activities in tbt» United States. As with total R&D 
activity, dollars are" used as approximate 
measures of the level of the national basio 
research-effort. 

Basic research receives abou/ 13 percent of ail 
R&D funds. This fraction h as been relatively 
"stable since the mid-19o0's. Constant dollar^ 
support for basic research has fluctua^^d 
somewhat during the last 10 years, but has 
advanced in re^cent years; expenditures increased 



^ Werv .uul olHrwhcrc in llus ropoM. tl\cCiN^mplici! ^^ irr' 
doHator is usni io nHivorl i urrent dollnrii to ronstant 1^7^ 
dollars - Tliis iloflation nuMliod is l>iily tippi oximatoly «ip- 
propi iiito for use in cowiu-rtion with R^^il) Mi a \vIu>Iih>i with 
sptM ilir R&I>"poi forminf^ sottoi s Attrmpt',^ h«ivr l>lHM^ niadi» 
to doveli>p tiiH'ti>ial X&D dfflatois. Rt^frrnuoii to \W\b work 
arc provided in tlu\Rt\soinres f»r Resran h and Dovolopnu nI 
chapter See Appendix table 3-V(orjJvt actual CUV implicit 
price deflators u»ed in this report. 




at an estimated average annual rate of 3.7 
percent between 1975 and 1979. Althoughjt is 
estimated that constant dollar support for basic 
research will reach a new high in 1979 (see figure 
3-1), this amount is only slightly higher than the 
previous peak that occurred in 1968. 

The increase In funding stems primarify from 
an effort by the Fec^ral Government to provide 
for strong growth in basic research. The 
Presidential budgets for Fiscal Years 1977, 1978, 
and 1979, and the recent Presidential Messageon 
Science and Technology^ have all carried clear 
sta tements c oncerning the importance of basic 
research and the need" to provide adequate 
Federi^l support. Intensified Federal interest in 
supporting basic research has a major impact on 
national support levels because Federal sc^urces 
provide approximately 70 percelit of all funds^for 
basic research. 

Sources of Funds for Basic Research 

The Federal Government is the primary 
supplier of funds for basic research. One reason 
for this strong Federal roleis the desire to support 
basic research in areas directly related to the 
Government's own needs. In this way, the Nation ' 
can maintain strong capabilities in critical areas 
such as iii|itional defense and health. Other 

'reasc^ns relate directly to the nature of basic 
research activity. Basic research may not produce 
short-term economic payoff eVen^though long- 
range economic benefits mi#^ be significant." 
Therefore, non-Federaleconomic sectors are not 
likely to invest in basic research unless Ihe 
potential payoff is high enough and certain 
enough. Benefits of basic research often do not 
accrue primarily to the sponsor, and their nature 
and incidence are unpredictable. Therefore, the 
incentives for private support are insufficient. In 

^addition, the results of basic research are usually 
"publicl goods whose production cannot be sup-* 
portegl by the-private market. Because of thes^ 

'inher(}nt problems, the* Federal Coverxx.ntent 
attempts to help meet the need for basic research 
through its supp^f t.'"^ 

To conjp^fisate for the gradual decline in 
const* nt dollar basic reseat*ch support during the 
perioc from 1969 to 1975, the Federal GovtM n- 
ment began to cotiimit * funds in increasing 

Vatirtbunts in 1976 (see figure 3-2). Between 1976 



X Pio*ufentirtj ;MvH8a>;e on Science ond I'lnhnolo^^y 
dellvoi'ViFfo tin* Con>»rosii of tlu» Unitoci Stt\t(;s, Ivlarch 27, 

Tor U!th<;r infurin«\l!^m<M> this topii secHriMi Rfsvnuhami 
NiUional (iim7> (WoshinjUon, IXC\: Niition*il AiMiiomy of 



and 197a,JFederal basic research funds in 
constanti^donars grew at an average Annual rateof 

4.9 percent. 

Constant dollar support for basic research by 
the industrial sector^* also grew over the 1976 to 
' ^ V 1978 period, but by a very small amount— an 
- av^etage annual rate of 1.8 percent. This period's 
~^ increase, however, was preceded by an average 
annual decline of approximately 2.'4 percent 

i ____ 

* ^ Fuller treatment of certain aspects of industrial basic 
research is provided later in this ch«ipter. 
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between the peak year of 1966 and 1975, Reasons 
for these recent increases in industrial basic 
research spending include increased corporate 
profitability and improved general economic 
conditions. 

Estimated constant dollar support for basic 
research provided by universities and colleges 
increased in 1977 and 1978, following a period of 
decline in the mid-1970'8. Expenditures for basic 
reseaijch by nonprofit institutions showed a 
compi^rable pattern to that of universities and 
colleges; with moderate real dollar growth in 
1977 and 1978, 



Performers of Basic Research ^ 

To understand more fully the Institutional 
- structures through which basic research is 
* conducted In the United States, trends in terms of 
the sectors actuality performing the research 
must be followed. Tfirough such analyses one can 
determine, for example, the extent to which basic 
rWarcb ii) concentrated in universities and 
colleges and the change in patterns over the 
years. Such Information Is Important because of 
the relationship between Federal agencies sup- 
_i4}ort4ng-basic-4:^'search-and-the-unlversUies-A 



colleges that receive substantial portions of these 
funds. The Information also reveals the role of 
the Government as a performer of basic research, 
as opposed to a supplier of basic research funds. 

Significantchanges concerning the performers 
of basic research have occurred since 19160. In the 
university and college sector, constant dollar 
expenditures rose steadily from 1960 until 1968 
and remained at about the 1968 level through 
1972; however, by 1974 constant dollar expend- 
itures had fallen by more than 8 purcent and 
remained below the 1972 level until 1978, when 
-expenditures-reathed-a new peaMsee figure 3-3). 
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Constant dollar spending in the industrial 
sector peaked in 1966 and then fell steadily 
througho#t the efirly and mid-1970'9. Some 
constant dollar growth occurred between 1975 
and 1978, during which time estimated spending 
advanced at anaverageannualrateof4,4 percent. 
As discussed later in this chapter, the earlier ex- 
penditure pattern for basic research by industry 
reflects industry's interest in emphasizing 
research programs expected to produce short- 
terrft gain. 

In 1960, based on expenditure data, univer- 
-^it>»-aiid-eoHeges-pe^formedHjppt^imat^^ 



percent of the Nation's basic research; industry 
performed 31 percent;" and the Federal Govern- 
ment, 13 percent. In 1978, however, universiti;es 
and colleg<^»s performed an estimated 52 percent 
of all bal^ic research, while industry's fraction fell 
to 16 percent. The FederalCoveri^ment's portion 
remained the 'same over this period — 
approximately 16 percent. One reason for the 
increased role of universities and colleges is the 
deduction in industry's own support of basic 
research activity. Another reason is the rapid 
growth in the si/e of universities and colleges 
since the 1960's. With industry's d^emphasis of 
basic research, in" favor of applied research, the 
"propLQi'tion of basic research performed by 
universities and colleges rose, thus increasing the 
dependence on university basic research and 
increasing to a lesser extent the rok\ of Federal 
laboratories, university-administered, FFRDC's, 
and nonprofit institutions. 

BASIC RESEARCH LITERATURE OUTPUT 

The decline in real expenditures P^r basic 
, research from 1968 to 1975 appears to hWe had a 
negative effect pn some fields of science> vvhile for 
a-few fields, the number of basic research^ai'ticles 
published by U.S. scientists and en|>ineers 
actually increased. National data on^ basic 
research expenditures^are not available by field, 
but changes in the number of basic research 
articles may be used to identify shifts ir\th\* type 
of research performed. Figure 3-4 shows hoW the 



This inckulrs Fedei ally l anded K&l) Onlt^s (ri RIX s) 
adminisUM'od by industry; iho univoisily and ccilli»|»c fi>»uio 
"'does iiol include hu\ik for FrRDC's ti|iniiniHlered by univei> 
yilies. . 

^ From field loheld,lheassiRnnKMiU>f journals t(>the"moio 
basic" or "more applied" eatej»orieH may vary in comept, 
ihoupji for e«ieb field ihe same approach was u^ed ^or both 
1973 and U>77. For furllier information, see Francis Narim 
Bihliomctriiti: l^tv Ihv 0/ Puhlicntion mi Cihilton Autilysis mItWx 
Uuilmiiou. Hi Siivnliju Alivit}^ (Cherry Hill, N.|,: Compifer^ 
nori/cms. hu .. 1^76), pp. 105^1^9 



Figure 3*4 

Paroatit changes in the number of scientific and 
technical articles* by U,S. scientists and engineers 
by field and level of research: 1973 to 1977 
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tviimber of U.S. basic research articleH changed 
from 1973 IP??.** Clinical medicalarticles rose, 
regardlesa of the level of research involved (basic 
or appli«dl. However, both types of biology, 
chemistry, psychology^ and mathematics articles 
declined In this period. 

The shifts between basic and applied research 
articles for physics and the earth and space 
sciences were seen in the increases of applied 
research articles, coupled with decreases in oasic 
research articles. Although engineering basic 
research articles became more numerous, there 
was a consi d erable decrease of the engineering 



applied research literature. Scientist}^ and 
engineers who were affiliated with the Federal 
Government accounted for much of this change. 
For articles in mathematics, the university and 
college sector accounted for most of the decline. 
Scientists and engineers in this sector authored 
92-93 percent of all mathematics articles in Joth 
yearji (see Appendix table 3-5). f 

It is important to note, in view c)t the known 
biases of respondents whoareasked todetermine 
whether activities are "basic" or "applied" 



research, that the approach used here can 
demonstrate basic/applied shifts withodt input 
from Individual respondents whose judgments 
on this oitegory can vary over time. ^ 
University and coUege scientists and engineers 
wrote proportloriatelj^moreof the basic research 
articles in 1977 than they did in 1973 in all fields 
except engineering, which experienced slight 
increases in the industrial and ''other" 
categories'^ (see Appendix table 3-5). Changes in 
the distribution of applied research articles were 
not so noticeably directed toward^nmiversities 
and colleges. 



** The literature btise chosen ior this tinaly<viK is the !>tirMiV 
Citatwu Indn Corporate Vape, from which the articles from a 
fixed set of 1973 journals are described for 1973 and 1 977. See 
the Kesouives chapter for similar treatment of basic and 
applied articles combined. 



As discussed in the Resources chapter, inter- 
organizational cooperative authorship by scien- 
tists and en^ineer^ may be an indicator of the level 
of actual cooperative research that has occurred. 
In 1977, for most fields and most sectors, basic 
research articles had higher indexes of coopera- 
tion than, did applied research (see table 3-1), 
especially in the fields of physics, earth and space 
sciences, and chemistry. For clinical medicine, 
however, a greater degree of cooperative 
research, as defined here, is foimd in applied 
research. Nonprofit organizations, the Federal 
Government, and industry appear to use this 



'f* "Other" includes all Federally Fundod Research and 
l>evelopmcnt Centers. 
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modt'of cooperative publishing for basic research 
more than clo the other sectors. 

« 

FEDERAL SUPPORT FOR BASIC RESEARCH 

The majoi^olo of Fuderal sponsors in basic 
research d(j^loped relatively recently and from 
rather modest beginnings. In 1901, total ap- 
propriations for Federal scientific agencies 
totaled $8 million, an estimated $2 million of 
which could be regarded as expended for scien- 
tific and research work and in the interests of 
-Kij^h^r educAiion. ' ' Clearly > not alLof this suppi3rL_ 
was for basic research. Since then, methods for 
classifying and accovinting for Federal ba^ic 
research expenditures have advanced con- 
siderably. By the early 1960's, basic research 
funds obligated by Federal scientific agencies had 
grown substantially, surpassing the $1 billion 
mark, 

Given this major Federal role in basic 
science, questions emerge concerning how basic 
research tunds are allocated by this sector. Which 
agencies are primarily responsible for basic 
research support? Have there been significant 
shifts over time in terms of which agencies 
provide the bulk of the funds? What fields of 
science receive Federal basic res|arch support, 
and how have such support patterns changed? 
Answers to these questions can indicate, to a 
degree, the scientific priorities of the Federal 
Government and perhaps point to areas of 
science where future activity of a more applied 
nature is likely. 

As a result of concerted efforts by successive 
administrations. Federal budgets for Fiscal Years 
1977, 1978, and 1979 have sought increases in 
basic research obligations that would compensate 
for reduced spending in previous years and also 
provide for the effects of inflation. These efforts 
are clearly reflected in the basic research 
obligations by the agencies discussed below. In 
each of the agencies mentioned, constant dollar 
obligations 12 in 1979 aresignificantlyhigherlhan 
those for 1976; the total for all agencies increased 
approximately 26 percent during those three 
years. 



»' Dael Wolfle, The Home of Snemt: The Role 0/ the UtiivnsUy 
(New York: McGraw-Hill Bcmk Compciny, 1972). p. 21. 

»2 Federal obligations for basic research. may differ from 
Federal expend/tures rejH^rted in the same year for a number 
of reasons. Ascctor that performs research, for example, may 
report OKpcnditures for research projects that it regards as 
basic research, whereas the* Federal agency providingaithf 
support may report those same projects as applied research In 
addition, obligations made in a given year may actually be 
sp^nt over several later ye*irs. 
> 
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The National Aeronautics and Space Ad- 
ministration (NASA)TnSs'e^erienced the largest 
increase in termsof constant dollarbasic research 
obligations between 1970 and 1979—48 percent. 
The major reasons for this high rate of growth are 
substahtial increases in NASA's physics and 
astronomy programs, including the space 
telescope program, and the changmg emphasis 
within the lun<^r and planetary pulfgram toward 
more support for investigations, studies, and 
analysis of data anci less support for spacecraft 
and related development costs. 

Estimated constant dollar basic research 
obligations by the Department of Agriculture 
(USDA), the Department of Defense (^D), the 
Department of Health, Education, and Welfare 
(HEW), the National Science Foundation (NSF), 
and the Department of Energy (DOE) also h^ve 
advanced considerably during the 1976 to 1979 
period, growing at 30 percent, 25 percent, 26 
percent, 21 percent, and 13 percent, respectively. 
Of these agencies, estimated constant dollar 
obligations for basic research in Fiscal Year 1979 
are at a new peak for all butDODand DOE. 
Since the early 1960% thelargestproportionof 

. the Federal Government's funds for basic 
research has been provided by HEW (see figure 3~ 
5). In 1979, this agency accounts for 27 percent of 
all Federal basic research funds, The basic 
research activities of HEW focus almost ex- 
clusively on health; apprc>ximately 87 percent of 
its obligations are accounted for by the National 
Institutes of Health (NIH) and nearly 9 percent by 

nthe Alcohol, Drug Abuse, and Mental Health 

^tXdministration (ADAMHA). 

The National Science Foundation, (treated to 
support scientific research and strengthen the 
Nation's capability in science, provides 21 percent 
of the Government's basic research funds in 
1979. Its second-place ranking, in terms of share 
of Federal basic research obligations; is con- 
siderab^y higher than in 1963, when it was fifth 
and pr0\^jded only 12 percent of the total Federal 
support. . 

In 1972) NSF began a period of substantial 
growth in current dollar obligations for basic 
research which has Continued through 1979. 
During this period, obligations in cyrrenWlollars 
increased at an' average annual rate of ap- 
proximately 10,8 percent. A major reason for this 
growth in the early 1970's was the"drop-out"of 
basic research support by other Federal agencies, 
which began' about the time of the Mansfield 
amendment to the DOD appropriation in 1970. 
As a results NSF served as the vehicle for partially 
picking up basic research formerly sponsored by 
other agencies. 
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Obligations by NASAticanintfor14 porcontot 
tho total in 1079 and havt* boom at tjial point sinoo 
tho mid.1070'8. In De^)!:, DOD, and USDA 

providod 13 porcent, 10 porcont, and 7 percont, 
rospoitivoly. . ' 

Tho rolativo import^nco an agoncy attachos to 
basic rathor than applied rosoarcb or devolop- 
mont may roflect how it perceives tho potential of 
a particular knowledge base to fulfill its mission 
(figure 3-6), The agency providing the greatest 
proportion of its R&D financial resources to basic 
research is NSF. This ratio dropped to 75 percent 
in.J<"^74 butXby h>77 had returnedy to the '^O 



percent level. Many shifts thi'oughout the late 
1960's and early 1 P70's have been the result of the 
introduction of new applied research programs. 
The irH rOased percentage of basic research 
begitvning in the mid-l*->70s resulted from the 
transfer of programs— many of which were 
applied research in energy areas —tt) the Energy 
Research and Development Administration 
(l-RDA), now subsumed under the Department 
of Energy. However, the increase also resulted 
from increased obligations ku' basic research at 
NSF. As nott»il previously, the fraction of all 
Federal basic research obligations contributed by 
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USDA is relatively low, amounting to dboul 7 
percent in 1979. However, in terms of the 
<igency's totdl R&lD obligations, basic research 
receives rather^high priority. For 1979, USDA 
continues support for its extramural competitive 
grants program, with emphasis on basic research 
on crop genetics and physiology, integrated pest 
management and human nutrition. Basic 
research obligations by HEW also constitute a 
significant fraction ofthafagency's R&D activity; 



the estimated proportion of such funds amounts , 
to 30 percent of the total ln'1979.*' 

By analyzing the pattern of Federal support to 
majofpelds of science, it is possible to determine, 
those areas which seem to command highest 
priority. There has been considerahje staoility 
since 1963 in terms of the proportion of Federal 
basic research obligations to the t|elds of science 
presented in figure 3-7, Life ^iences have 
received the greatest share of federal basic 
research suppo!*t. Most support fqr work in this 
field is provided by HEW, principally through 



" ^ The topic of biialc research tn kderal agcncicB h«» bcei^ 
reported on extensively In the lw8 Annual report of the 
National Science Board, DasiV Re5ear(h in the Missm Aj^rncirsi 
/\^nuy Vmpcdiven on thv Conduct ivul Supvort of IhsU Rvbcanh (NSB 
78-1). 



Figure 3-7 ^ 

Distrib^ition of fedora! basic rasaarch obligations 
by major field of science: 1963 and 1979 
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NIH. In the physical sciences, there Is more 
diversity of- support, with substantial funds 
provided by DOE, NSF, and NASA. Together, 
these two fields accounted for approximately 
two-thirds of all Federal basic research 
obligations in 1979, about the same portion that 
was held in 1 963. As shown in figure 3-8, current 
dollar obligations for basic research in both fields 
have grown significantly, particularly since 1976, 
when Federal support for all basic research begc-jn 
to receive special attention. f 



BASIC RESEARCH IN 
UNIVERSITIES AND COLLEGES 



As the Nation's primary centers for scholarly 
inquiry, universities and colleges are^Ww^principal 
vehicles through which basic sclentw research 
activities are conducted in theUniteaStates.>^ As 
a proportion of all R&D expenditures In the 
academic sector, funds for basic research ac- 
counted for between 68-70 percent during the 
period 1973 to 1978. 

In constant dollars, overall support for basic 
restMrch in universities and colleges Krew rapidly , 




from 1960 to 1968, primarily because of strong 
Federal support for all types of basic scientific 
activity (see figure 3-9). However, in 1969 total 
support began to level off, and between 1972 and 
1974, support for basic research in universities 
and colleges fell' more than 8 percent in constant 
dollars. Begiifrung In'' 1975, constant dollar 
support again turned upward and has continued 
to gain each year through 1978, when an alltime 
high in support for university basic research was 
reached. 

Universities and colleges rely heavily on 
Federal support for basic research. In 1978, for 
example, more than "70 percent of the basic 
research funds received by these institutions 
came from Federal sources, and Federal sponsors 
have provided approximately the same propor- 
tion ofbasic research funds since 1970. 

Jt was shown in figure*3'7 that there has been 
considerable stability ip^the field distribution of 
all Federal basic research funds over the period 
1963 to 1979. The university and college sector 
has experienced a similar continuation of the 
distribution of Federal basic research funds by 
field. Howev<er;^ there have been substantial 
differences in the rates at which support Has 
grown in particular fields. The most rapid growth 
can be seen for the environmental sciences in 
which obligations have advanced at an average 
annual rate of 15.7 percent between 1973 and 
1977, with most of this growth taking place since 
1975 (see figure3-10). Basic research obligations 
in engineering have also grown rapidly, in- 
creasing at an average rate of 13,1 percent per 
year between 1^73 and 1977. The least rapid 
growth has taken place in psychology and the 



' ' Virtually all (<>8 percO!U)of the biink' research coiuiiu led 
in cullegeu and univcrsilies is per(ormed in ii\sliUilions which 
grant doc!oraldeRreos, Thi» has been lhecaseiiincr<ule«iitl the 
mid-1960'», aiul is true for non-Kederal as well as Federal 
Hoiirces of support. . 



iiiK'ial scitMH Cs, odvancin}> 3.0 and 3.2 poi rrnl pvr 
year rrspoctively fil^ni 1973 to 1^>77. Mowrvn , in^ 
ihv yoci*\J scinuos obliy;ations drclinecl at an 
avtM\)pe annual rait* of 6.4 peiconl^bctwiH^n 1973 
and 1975, then }^row l^^B piM ccnt por yoai* uvor 
the 1975-W77 period.. Theso diffiMrnces in 
Hri)wth ratios reflect trcent policy initiativeii by 
the Federal Government to provide support' foi- 
those fields of st ieiue in which additional 
attention may be r>H|uired to meet national needs. 

BASIC RESEARCH IN INDUSTRY 

Althouf^h universities and rolle}»es are the 
primary performers of basic research in the 

* ■ .V 
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^United States, the partigpation of the non- 
federal sector in basic lesearch activities is 
important to the economic aiuf social welfare of 
the Nation. Mndustry plays a sifl-isbiintial role in 
translating the findings of basic research into the 
satisfactioi\ of society's needs."'* - 

Industry accounted for lo percent of all U.S. 
basic ri*s<iarch expe^dituVtis in 1978. However, 

rofjoaivh lhion>;h budurC lUossay.CH^-aiul llioiel^avc hvvw 
inU»nsiVc'pt>lu y rcbei\rcn oUoiis in this area I or e\ a in pi v. thr 
Ollur ol»Stioiuo and IVi hnolojjy >'*tn ihrjl \rVulivr 
C^Uito i>( \hv Pr(*;jidiMil lias initiated a dt>ino»j|it pulu y levicvv 
on indvisUial iniu)vati()n vvlvuli iiulvides llu* Itjpii of ha^»K 
rosoauh unndiuitry . .. * 



_ ElgurfiJ34Q._ ^1 

Federal obligations for basic research in 
universities and colleges, by tield of science, ' 
for selected afetencies* : 1973-77 
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tilis fraction Fias fallen since 1960 when it was 
apprpxim<<tely 31 percent. As jseen in figure3-ll, 
constant doHar spending declined after the mld-^ 
wdO's, with ohry sljght growth taking pUce after 
1975* Funds pfovided by bpth industrial and 
Federal sources fell at approximately the same 
rate* A study by the hidustriat Research histitute 
Research Corpqration used interviews and mail 
surveys to determine the reasons for this trend. 
Respondents most frequently offered the ex- 
planation that industrial R&D managers have^ 
changed — their— i^ethods--f^r—mAi>agiftg—basie^ 
research. In particular, during the mld-19|66'si 
the industrial research prpcess was evolving into 
a corporate function with a goal-directe"d empha- 
sis. New organizational forms were being 
developed, and there was increasing control and 
formality in project selection. The expectation of 
bu^iness-relateci, short-term results became a 
dbminant . theme. In addition, decreased Govern- 
ment supportand increased^Governmentregula- 
tion occurred. Industry saw the opportunity fpr 
more.de^opment work and was, reluctant to 
invesH<(mork that apparently did not have an 
immediate payoff. Some corporate leaders be- 
lieved that returns from R&D activity in general 
were diminishing. Ttie energy crisis also 
Accelerated or perpetuated the downward trend 
in basic research funding by industry because 
e^pha^g' was placed on development, not 
researchf^&s a way tocope with energy shortages. 

Anotljer possible factor \A declining industry 
support of basic resean^ may be the feeling in 
industty that as university research expands and 
diversifies, industry does iwt need to support as 
much' research; it ca;i rely more on academic 
adv^mces. Another factor may bre that industry- 
supported basic research to attract the most 
talented people in atight market. The opportuni- 
ty to engage in basic c^^rch programs Was a 
noneconomic fringe benefit that industry felt 
was needed to attract talent. As the market for 
technical manpowerchanged toa buyer's market, 
the need to use basic research as a recruiting 
inducement declined. 

/ OVERVIEW 

i 

. Although- basic research declined in constant 
dollar terms between the late 1960 's and mid- 
J97C^ij, spending levels nowappear to begrowing. 
This^rowih seems particularly strong in thecase 

' ^ ■ ^ .... " • , • 



' Includ^'S HlmusphoMC sciences. bpoIoricoI sweiicw. otijAnogMphy, 
AiiriOiwnonmental iC«flnC05 not olscwhcro classilied ^ 

, RUCfilNCt Appendix JaWe 3 13 <' 

■ ft • I . Ill 



Hownrd K. Nnsonjosc^ph A, Steger. ,iiuf Oorge t. 
Manners, Support of Bnsjc Reseanh fcy htdu^lni {St Louis, Mo.: 
Jndostrial Research Institute RestMrch Corporation. \9^l^), 
p. 17. - ^ ' 
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of Federal basic research funding since basic 
research, perhaps more than ever before, is being 
viewed as an investment in thi' Nation's future. 
This concept has been enunciated in recent 
Federal budgets, and reinforced in a I'residential 
Message to the Congress which noted that new 
technologies depend upon a supply of knowledge 
derived from basic research. The fundingactivity 
by the Federal Government is particularly 
important because it provides more than two- 
thirds of all funds for basic research. The Nation 
relies on universities and coHeges to perform 
more, basic research than any Othe.i? sector. 
Ccmsidorable concern has hien expressed rev 
ga/ding the level of basic researt'h activity in 



industry because of«the declines in spending, in 
constant dollar terms/that occurred from the 
mid-l^>c>0's to the mid--1970's. Since 1975, 
however, basic researclY spending in this sector 
has grown slightly. The reasons-;,for the earlier 
decline are reported to include greatciir interest in 
short-term returns frohi research activities. 
Government regulations, reductions in 
governiiiental fcinds for basic research, tJie 
availaGilitW^if a stort^house of knowU\1g(j from 
previous b^ic research programs ttpwTeady for 
further development, and the need For resenrch 
» to proU*ct and improve exist ii\g product lines. In 
addition, industry may be relyipg more than 
previously on university basic research. , 
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liuliiiil n«il l\<!tO cxpendil\|jiH»ii from all 
souruM* \v(Mr o*'^ |nMn\iMil ol all U.S. 

_ K^^l^ o xpiMidituros \n 1 ^7 7 atul w (M r above _ 
jhe low' poin!, invconslant, doTlarj>, tliat 
occunrd in 1075, Ciuowllv rxpectod 
CQHlinuo thiou^l^ 1070/ surpassing the 
previous hiy\h exferitMuld in 19o0: This 
ret nrn to pr^iituii high f unding levels should 
ivlicve ;»omf^if, !hr lonccM n, that 1^as boon 
oxprosbril about a decline in indust rial R&D. 

' (SeeT^80-ai.) * > 

The 1 er^yirtS^ii^jve^^ constant uollar 

buppoil foi l<iSrT>N^ industry bcj>an to 
increase in 107o aftt\ reaehinj', in J/>75 its, 
lowest level siiue 19o4.^This was largC'Jy 
bccausoof iiKMeased interest inon'wrgyandin ^ 
^ the space proj;ra in. Howevef, federal suji^ 
port is !u>texpeotedtorottn nsoon'tothehigh 
levels ol thr lOoO^s. The Federal eonnponent 
of K&n expend! tuje in industr,y dropped 
from more tlian half in the early lOoO s to 35 
pcrcAM^ in 1977, n^ainly because of decreases 
in military ami aerospace proHl ^^nis. I )eelim»s 
inJ ederal support led to a 26 percent drop in 
the R&.n to-nel-salos ratio for all manufac- 
turing iiidustry from lOciZto 1077. (See pp.. 
tkVBl, 82'8'1.) 

ConSpany fuiuls lor R&D have increased 
almost every year from lOoO to 1077, at'an 
♦vvera^U' annual ra t e of 4. o percent inVoi^stant 
dollars. I juctuations in this investlnenl^^eem 
to be'parallol to fUict nations in the maiuifac- 
lurinj; industry con^X^nent thcCDP.The 

. ratio of company-generatvd .R&D finuls to 
net sales renuuned virlually.the same, a't 2 
percent, from 10o7 te) 1977/1 his took place ' 
while net. sales and R&D expenditures both 

. increaj^ed sij;i^1fitanlly. (See pp.. 80-81.) 

About 85 percent of iVderal R&P funds to 
industry have consistently gone to develop * 
mv\\\. The share o( company R&D fundii^g 
)>oing to developUHMU has risen frt>m 
percent in the early lOoO's- tc> 7^1 percent in 
1977. Si'iV e the n^id-^J9oO's, there has been a 
drop ij^ company suppoi t lor basic research, 
in cvns'tant dollars, though there has'been a 
partial recovery sintH* 1075/Compan/ofii 



\ 



\rtals claim that:vlh-o'dtH^lin«y iii^ 
new management emphasis on shorlor-term 
and safei' inves.tments, Much cowcorn ha^ 
— brtnirt^^!^H6ed-mM^.i^li\i^l^^^^»--^-U^' * 
trial basic research, bocause^such a drop may 
* impfy a weakening in the NatioiVs long-term 
capabiUty for significant technological in- 
novation. Although industry's -support ^ 
basic research In other sectors has increased . 
, since the mid-1 960'8, 83 percent of industry's 
basic iT.search funding was spenbwithin the 
industfy svctor in 1972. (See pp. 88-89, 92- 
93.) . ; • 

In response to the ewrgy crisis, induslrlal 
. R&Dexpenditurl-s/elaled to energy grew by 
92 percent in current dollars fro^rt 1973 to 
.1977, Increased Federal funding is g^ing to 
longrterm ai\d untried technologies, svich as 
coal liquefaction and gasification 5nd ' 
geothermal energy. S^lar energy is. attrac- 
ting large expenditule iiureases frc^m both 
Government and private /industry- as a 
' j:ec1ini|ally andecopomicallilat.tractivealter- 
^aUveimergV^uvce. R&^^D/elaled to oil and ^ 
J^as and tO energy conservation and ntili/.o- ' 
tion is niaini) company-supported. Both 
solar and gcothetmal fionrces are expected to 
cohtinue their sharp year.-to-yoar increases 
in trttal R&D funding, but 'the principal i^x- 
penciitures will rC^n'ain in the areasof nuclear 
' energy and fossil fuels* (See pp. 96-98.) , 

R& t:) costs devoted to nieeting the probK«n of 
^pollution abatement are mainly borni^ Hy 
. private Industry. In constant dollars, spiMul- 
inK declined from 1973 to 1975, b»t sharp 
increases occurred in 197itaiuri 077 Most of 
the- activi*ly* conc<:rno4 ajr pnltution, 
specifically automotive em^issions. (See pp: 
98-00.) - , " * / \- 

I TheH)talnumbci; ol patents granted annual- 
ly toU.S. inventors genorfllly increased from 
1060 to the early 1970's but showed a steady 
decline from 197 l,to 107*? because of\ulecline 
ii^ new patents owned by U.S\orporations. 
Con^plex influences on*t he level of patenting 
n\ake analysis of patent- data dillicuh; coi>- 
sideration of the caveats descrlln^cMn thetext 

. I; ■ 



;pj'e8em ''CShc; evince 
ri;^;^^ all product 

;J. 7-:::v;^;^;v^ from uifr \6 1^77: Such A 

V docllno^uU'l be <ittiibured Jo a diiViinbhocI 
r/i • lunv inventioiib in indusfpy 
\ : : •bocAusel)f a backloRi>f in,^entions produced 
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in the J 960'$, Al wgefcP^^^^^^ 

of capital to^xisting pfptiii^t* iMid p 

thai reduced industry^B^^^ new 

invin\tLonii; ,or In adiHiu^tc pVofit ni.uy^iny, 



product lines through hew invtM\tk)ns. (See 



pp, 99^103.) 
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national needs, on ilB own or In tooperalive 
arr4inge;iient»— ^Ith the Government. Federal 
policies aftd regulationa affect almost every 
aspect of industry R&D, v^lth Impacts ranging 
from encouragement «knd direct assistance to 
disincentives and stuUification. Universities are 
interested in* Industry support for academic 
i^escarch and in industry R&D job opportunities . 
for graduates and tenurcyblpcked junior facult^ 
members /'^ 

\i\ using such measures, questions of quality 
H^re-not-^onsiderfdr-The^f^tiv we^i^ 



expenditures Is \o{ discussed, and rto effort is 
made U>decido whether funds or pe.raons are vi<ii^d 
more effectively in one situation than l|i another 

Total Expenditures for R&D 

As figurt^ 4-1 shows, total exjH'nditures for 
indu/rial R&D were $29.8 billion in 1977, an 1 1- 



ShapU^y and U.I. PhillipH, Rxmnh ami DtMopmnl. 

^""^ tm\ ih( X(oU(»ny W^m\\y^o\\: Amerli:*ii\ As8ociotioi\ for tht* 
Ac1v*iiuT?iU'?it of^SciiMKTi 1978), p. 51 



perd?nt increase from 1976. R&D expenditures 
in all sectors of the U S, economy were $42,9 
billion in 1977^; i»dustryperfor4nea 69 percent of 
all U .S. R&D by this measure. By comparison, an 
estijmated $33.5 billion was spejt^t on advertising 
in 1976, although at least h^ilf of that wAs 
probably spent in wholesale and retail trade and in 
other Industries that perform little^ Jl&D.* 
Similarly, manufacturing industries sp^nt $40.7 
billion for new plant and equipment in 1976.'^ 
These ccynparisonssugges* that R&Drepresents 
-a- -considerable investment In indus try ; com- 
parable t^ other major industrial exoenditures. 
Figure 44 also shows thSTfbnSlderable Increases 
in industHaKR&l^^ending are estimates! for 
1 978 and 1979. (Thes^timates will be discussed' 
In detail latetin this chapter.)* 



^ Si'c AppiMullx trtbic iind lhc chapter on Kohouicos fOi • 
RvstMrch And DevoKipinent 

* S/rthj;»i(iil Ah$Uik() o[ ihf UniUii Sfflfrs. r*?77, U.S. Dcp^irtment. 
of Commerce rBgrO-iu df the C^nwiH/pp, 844; 847. 

^ Goifral .Sif^Mia .Oft IndusHd Girdups and lm\uslri($, U.S. 
DepArimoi>K>f Commerce; BurcAU of theCcnHVi*/ DcKiimeht 



The R&D p»cluuo Is different if the effects of 
inflation are allowed for, a» »h(>wn in'flgure 4-1 
In these termsJiHiustrictlR&DexpefTdltures rose ^ 
frohi 1960 to 1969, after which they dropped 10 
percent to their 1975 value. An -ll-percent 
increase occurred from 1975 to 1977,and.further 
Increases are anticipated, to new highs in;j978 
and 1979. If this occurs, some worries that liave 
been exnressedabout the weakeningof industrial , 
R&D- should be assuaged, at least to the extent 
that they are based on levels of expenditure. 

Sources of Funding for Industrial R&D 

R&D performed in industry is supported 
primarily by twosourc^V: industry itself ajid the 
Federal Government. Federally funded R&D is 
performed for purposes different^f rom industry- l 
funded R&D, and thusdilferenteconomiceffects ^ 
may result, h^dustry s objectives are basically 
commercial. The Government has three objec- 
tives in funding R&D. First, it supports R&D in 
the private sector to develop products for its own 
use in pub^ic^e^tor functions, such as defense and 
space exploration. Because of the special charac- 
teristics of the products required for these ^ 
functions, many program results have no com- 
mercial application, although efforts are being 
made to incre^ise ,such transfers. Second, the 
Fedi^riil Government supports R&D to develop 
products for use in the private sector that will 
help fulfill national goals for which the Federal 
Government has e.xplicil responsibility: health, 
energy supply, environmental protection, 
transportation, agriculture, anf^ ediriation.*^ For 

. these kinds of^R&D proj^^cts, Von^mercial and 
other ecOijqmic coiVsideratfons c^re, important, 
but they ai\*\\oi cYpriniary. concern. Third, the 

^ Fed^*ral Governmffnt funds R&D for the general 
advancement of svl'epce and technology; private 



industrial R\^l) oxf>rrulit«ios, this rv)yof\ uhos thc ClNI* 
nnpiKit price deflator, lor one effort to develop .in i4Hlustry- 
lipecifie drfl.^lor. sec hobahk Irer/s 0/ K^/^ l\Pt')uiiiuu'fi iti -loyo^ 
homa^it tvid Aut\h<is. (Coliini(iii», Ohio: I^.ittelle Mem0Vi.1l 
Inshtute. 1078), pp. 13^16. OIXTD ho^ oIho studied this 
problem. See. for ex.iniple, Orj^.iiiis.itiiMi for l'A(|»noniii Co- 
' opiM'.itiun .ind'-Developmenl, Committee for Scientifii tind* 
TvchnoloKical I'obcy. 'Vrmfs m hitiu}>tm\l R^D in iivUi kii OLCD 
Mmkr Counim\ i 1 075. S!*1X7a)20 Annex 1 1 . September 
1*978, pp. 3.-12, Also see the diyeussion ordeflAtor» for R&D 
*expendiUirc» in llu* ReHiUirves for Reseoreb and Development 
eh.iplef of this volume. • , 

• Oi\e stiitement of ibe probleiii I roni .in Industry »pei - 
live is "WXt Sueab Qui on R&.I.>." ^/.H; ^^}U'(hum, v^l. 12 
.(September 1075). pp. <^6-7^V ■ 

^ One.iirpect of this ^ictivity Is discussed in W.S. Baer, 
lobnson, ,Uid "C VV. Merrow, '"Clovernment -Sponsored 
l)i»monstr.ilion» of New IVclinoloHiea/ .VfrMrr. vol. ! % (Miiy 
I977); pp. , , 



Incentives for ihis kind of investment may be 
in»u?flckn^t,^ 

hV i9^77^Federal nipport for ibdu»tr4al R&D 
was 35 percent of the tobl (figure However, 
before 1968 the Government paid for more that>^ 
half of all R&D performed in Industry, Since 
1968, Federal support has diminished, parllcular- 
ly in military and aerospace areas. In 1975, 
funding reached its lowest constant dollar fevel 
since 1964; gradual increases ha Ve?()icurred since 
1975/ * " ' " • ' 

4n— jpon^tr^s^tT-tompany— funds-f^i^R&D-h4v 



increased almost every year in this 1960 to 1977 

feriod/ even, in constant dollars. Company 
unding seems to vary in close relation to the 
manufacturing indu^Hi^ component of theGross 
Domestic Product/MGDF). Company fivnds in 
constant dollars increased 113 percent from 1960 
to 1977, and the deflated MGDP also rose, by 87 
percent, »^ Moreover, constant-dollar company 
funds for R&D dipped below the previous year's 
value in 1970, 1971, and 1975, the deflated 
MGDP dipped below^t8 previous year's value in 
1970, 1974, and 1975, Hence, the commitrrtent of 
company money tQ R&D se^ths to depend on the 
state of. the economy, as expressed by the 
MGDP.*' 

R&D Expenditures in Individual Industries 

Industrial expenditures for R&D from all'^ 
sources for the industry in which they occur are 
repoi'ted in a survey conducted by the Bureau of 
the Census.*^ Industries are classified in terms of 



On the sulijfc t of rodci.il support for R&.D, sooiilso tin* 
President s Science '.ind Technology Messago to theCon^v'ens, 
Mrtrt:li 26, 1979, pp. 2-3. iinct jkRo/ro/ Onnonsirahoth tti Icdmil 
Rc^^D Pohiy, Office of Technology Assessment, 1978. See also 
the popiTs in «i colloquium oyjil^eKitionships between R^l^ 
AndEconomiiCjrowlli/IV<xhiB|ity/MieM 1977. 
iinif forthcoming as iin NSF f)"W)lijMtion. x 

Thv NiUhnii] Ituomt' mul Prinliut AdoutUs ofVu Umtm^mKs. 
;^^>9 7.r- SitUtsiwal Tahiei, U.S. I3ep<irlmont of Coniiii'iCe. 
Hureiui of Economic An<ilydis, pp. lH-19; Sumy ot lurmtt, 
f}«MMi'.<>, U.S. l>prtrtnuMit in C?oninirrce. BuriMU of EcoVomic: 
Analysis (July 1978). ' 

>i Thi' coefficient of drtormiiuition (i-) for the linear 
commotion bctweet^ MCjDI' And confpnny l^&Doxpenditures 
in constant dollars is 94 for the perio*i. 1960-76. 

'MU'ported in /u'mvim/i mid 'Dmhpimnt iti Imiushxf, 1*^70'; 
National Science Toundatioji (NSf' 78^3H). Another, source 
of data ^11 R&D spending by (nthvidual industry is the 
responsi' to thr Securities and Exchange C ortimission's Form 
10-K statenu'tits that corporations aro required to tile. The 
most recent results ore shown^^by individual company; in 
Ihtsiuvss WrtH Ouly 3. 1978). pp. 58ff, Unfortunately, thedat.i 
are aftjjregated into tndMHtry groups different frQ.m the SIC 
groups ilset^^l the Bureau s'urvey so that no direct 

comprtrjson>sj|H>9slWe. At:^ »ih data isgjvenin"A 

C omparison 'iVi ^J.ntU^^^^^^ Industrial RhD Ksllmates with 

, Actvial^NSF^1M!iS.U^/.biUar Rv\wos>i)l ihtn on :^itmc Kcmhom-s, 

^National SciehceT^^^^^ (NSV 78-.H)3) 



\Uv Stoiidiird liuluiJtriol ChVssifkation (SIC) Kx* 
indiislriiil esliiblishmtMits. * • 

Figure 4-2 sliuws oxpendiUnci? fruni l*^oO (o 
1977 for the eight industries with tjie Rrcotest 
R&D expemlitures.'-^ These dflla show the 
concentration of indvjstrial R&D pertormance in 
a few indiistrieH. Tht firi>l two, aircraft and 
missiles and electrical equipment and ccMn- 
municiitions, together accounted for 44 percent 
of tir industrial R&D in 1977. The first 4^ive 
industries accounted for 79 percent. 



play different but c<)mplemenlary rolejj In the 
process of technological innovation.'^* 

Figure 4«3 nisoshows that juBt fourcompantes 
spend 20 percent of all indu^trifll R&D funds in 
the United Slates. As Appendix table i-^ shows, 
20comparties together account for over half of all 
funding. Sffnie individual indulitries are, of 
course, much more concentrated than others. In 
most industries (at the hl^^iest level of aggrega- 
tion, which the figure shows), at lef^t half of all 
R&D expenditure is in four companies. 



li\ current dollars, all industries^ Ivive ex- 
perienced a fairly steady rise in R&D expend- 
itures, with the exception of the aircraft and 
missiles industry. In constant dollars, .this 
industry has sinnvn a sharp decline in funding 
from the mid-1 OoO's, due to a drop in Federal 
support. I roin 1966 to 1977, for example, this 
industry experienced a decline of $2 2 billion in 
1972 dollars. Declining Federal support also 
accounts lor the similar but less dramatic decline 
in electrical equipment and communication 
(particularly in its largest component *cx)m- 
munication equipment and communication). , 

Concentration of Industrial R&D 

The preceding discussion mentioned the 
concent ratu)n of R&D expenditures in a few 
industries. Industrfal R&li^s also highly concen- 
Irated lYi certain companies, as figure 4-3 
indicates. Although the estimated numbei* of 
R&D-performing companies in tl;ieUnitiid Spates 
ranges from 10.400 to 15,700," the bulk of the 
work is d\mc by a much smaller number of large 
corporations. These large corporations aiV the 
organizations that report most of the R&Deffort 
discussed in this chapter. Sn\all companies, 
though not significant in this sense, may be 
j^ssentfal contributors to the success of industrial 
R&D as a whole.'-' Large and small firms j^eem to 



R&D Expenditures In Relation to Net Sales 

The fact that c)he industry conducts more R&D 
than another, as measured by R&Dexpj^^nditures, 
may be largely the result of .differences in their 
total resources or volume of business. For some 
purposes,'^ one would prefer tohavean intensity 
measure for an inci||.istry's R&D. Such a measure 
wOuld put industriosofdifferentcapacitie$on the 
bame footing by shoW'ing the share of its volume 
of business that each industry choo'^j^.v^i topiU into 

One measure available for this purpc^se is the 
ratio (.if an industry's R&r')expenditures to its net 
salcii, for thesameye^r^as.shownon table4-l . For 
manufacturing industries taken together, there 
was a drop from 1967 to 1977 in the overall ratio 
of R&D fundin^» to nvt sales. The .82~percent 
increase in industrial R&D expenditures from 
1967 to 1977tfi was less than the 152-percent*' 
increase in manufacturing industry net salesJ" 
The reason for the decline in their j atio seems to 
be a decline Tn Federal support for R&D in military 
and aerospace technology. Tints,. company sup- 
port for industrial R&D increased 142 percent 
over this period, while Federal^pport increased 
oidy 25 percent. As a result of meJarge increase 
in ^company support, the rafio of company- 
funded R&D to net sales for oil manufacturing 
industry remained virtually nmchanged from- 



Mv shuvvn in \\\v corrwporulii^j; Appoiulix t«U>lr'l*2. 
' * Niitioniil ScioiKo FouiukUion, j>rohminary data 

On the rfnpOr Auk e ^)fy mall lugli-trthnolof^y lompanio^ 
and ihrir CiirrnU prubleh^s, soi\ Report d/ //h'.S/M lask loticou 
Vnttutr itMi/ JBrH/y Cupital lot Small /In.s/Nrs^, Snuill BuslrM^s 
Aihniaistra^n, 1977, Jiwovntoti. nud hutcptnieuts Au hi 
thui^^ru'd 5;MAV/'pri^ontaUor>s ot^ttat' Iccluuial Sossion, 
ThirlotMUh Afunu^l MocUnp., Novombor 10,. 1977 
(Washington: Nationfll AcndtMny of linHintTrinn. *t'^^7iV;,arul 
Cnyifal l)nmaUou, hoahngs boforo tho teKnt .Connnitlc(' on 
Small Bustnoas, Urutod States Sonato, I obruary anil 10. 
1978. . ^ 



|. |rvvkrH,M.). JyavvrrH. and K Stjllcnnan, JIu- S(JUfto ol 
Imrnlwi. 2hdi'd , (Now Vork: Norton, 1^>0*>),'M I Katnii-nand 
NL Schwartz, MiifkvlSlttututviwd Itnwvatioti: A bntvcy bum miry 
^ (l.vanston, HI : Ni>rthvv08torn UnifiMSily, 1974), 

' ' l or oxainplr,iiro tluMiyoof R^tl^intrnsity asa var,iablcin 
Smiic liuiniilots- 'l^)7(\ NationalSc it-nco noanl(NSI^77" 1 ), pp. 
119-125. , 

Soo Appendix tabk* 4-1 . : 
\ Tor not sales, nvv Rfsciirdntnd Omlopmnit iti UuiM'^ltyf I 'U^7, 
National SiitMur I oiindation (NSF 6^ 28), oO; and 
National boiHUf* I oundalion, \h i»lirnuwuy dati\ 

Seo ApiHMidix tablr 4-1 I his tablr liuludos K&D in 
. noninanufarturiny, indusn ioH as vvrll, but tho ollccl o( this 
int Uision is nr^Jigiblr. > • 
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Figuro 4 3 

Concttritration of R&D expenditures in 
selected industries: 1977 
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1967 lo 1977 at 2- percent. 21 Table 4-1 also 
provides a way of arranging industries on a 
spectrunj from high R&D intenslvohoftS lo low 
R&D-inten^iivene.ss. 

Sourc^f of Funding for R&D in 
Individual Induiitrics. 

Trends in R& D funding in individual indust rles 
can be better undiMslood if funding by the 
Covernraent is distinguished fronv fundirtg 
-iumished b>unduHtfy'itHel f. Table 4-2 shows the 



changes in company and Federal funding in 
constant dollars over a 10-year period. In these 
terms, Fexieral funding dropped at anaverage rate 
of 3.5 percent per year, while industry's own 
funds increased by an average of 3.0 percent per 
year. 

More than half of all Federal R&D funding 
went to one industry— aircraft and missiles—in 
19t>7 and 1977. This indiJStry also has the largest 
shore of all its R&D suppliedhy theCovernment, 
mainly by the National Aeronautics and Space 



l oiiiuKitKU^ (NSF 7«-3M). p. 'U. and preliminary dat<i. 




92 



JMif \'2< C ompanyl and FedorAl funding of indiifttrlal K/kU in con^itAnt dolldr!*^ for vrlrctrd induvtritrs; l^o? .ind t077 



Company^ 
hitulin^ 



futuitn^ 



Total * 

C lu'iniudi. and alhrJ prodiu 
liulustrial ilu'tnuaU 



1,611 





nrii^u. modiciiH"'. and oiIum clu'inicalh O'Irt 

rcliiilriim rrfini!i^» ami o\ traction . ^^.^ -M*? 
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AJ?iiiiii^l r.il u>n (NAS A) .iiul ihr Pcp.i! t mumiI oI 
DrliMistMDOD). - 1 1 

luilli III 1 rJriMi l\^^<i I ) Jolhi!^ iiiul in I rdri .il-sli,irt* 
111 \\\\ K^S: I ) vKijj.u IS (*lfi 1 1 ii. .il tH|iiipnu'Ml .inJ 
I oniMuiim .ilK>n, wIikIi ii1si> is l.iij>.flv liiiulfd bv 
DOIX I l:u*si* \\vo inJiislr K*s loj\i*lluM lUnuint loi 
.dnu>sl .ill iif llii* Jrop in ^onsliint Jollai I cJricil 
K.Kil) liiiuls io iiuhisiry NASA .uul DOD both 
JfiiiMstni ihoir !>upporl, in (.onsliinl Joll.us, to 
llu'si* iiKliislt ios 

Nonni.unil.u liinnj^ iiulusli irs wms thi^ othi-i 
^;ioup shinviii>\ iin ovrr.ill ronst.inl Joll.ir Jrt)p 
bi\ iiijso ol di'i rtMsinj» [ ihIcm out i.ibiilions. I bis 
Jiop niiiv be Jnr.^o .i \hn ri».vsiii)\ .iniounl ol 
t out TiU tin>* wilb oininiMci.il K^^ I ) hibiw.ilor irs. 
In most iiul list ni*s vvbri f IccliM .il support 
driippixl, i.on]p,iny Iniulinj; im riMsrJ bv ill IcmsI 
ihi* Siinit* .iniouiil. in const'.iiit dolhirs. I b(' oiu* 
cx^^cplUMi w.is iiuliibtriiil ibrniiuils, m wbicb 



tbtMf w.is .1 Jci I (MscMii (uiulinv. lioniMiolh 

soin\i-b, Ibis ii_uli"isliv .iiul cuicr.ill .iiul nussilcs 
w'vvv tbt'.oiilv iiulustrK^'to sbovv .i J(\ rc.ist^ in 
roinp.inv" liiiiJuij; from l^o? (o i'^^TT.f 

111 .1 ffw iiulustnt^s, hir)»r iiu riM;.^» in i iinip.i 
l\i*^P luiuliiij* onuncJ lioiii h)t>7 ti> 1'^ 
Noiiflrvtru.il ni.ubiiit'iy i oinp.iiiics, lor cx.i 
pk*. biU r i lMMitly t'xpjiuli'cl ibtMr l\^<t Dclfoi Is in 
iinporl.iiit iifw ti\ b/noloj» ifs. ^luli. .is niu n> 
iniiiMtiiri/.itioii ol tdt\ 1 1 oiiu oiupoiiciils In 
ci AMsrs in I o'nipiiny luiuliny^^vtM v .ilso lu^l.iblc in 
ibt* drii^» iiuliisti V ^ 

I stim.Hos i}l K&I) 1 xpiMuUtmrs 

St^vfr.il soiuit's publisb ostiin.iltv?* loi ycirs 
siib^inpirnl to tbosf lor wbub. d.it.i b.i\-t^ bctjii 
colli\trJ (in ibi^-rbiiplei , lor vtMrs .illtM" !^>77) 
Ibis JlSCll^.h•lOM will i^orisidtM ibr ostun.ilos ol 




//•?./ p J^* .nul N.ilion.)ISi inm j vunui.ilioiK pr clmun.u y 



* i ui (h( r )nliM in.ilipn I ht-M* .nul hi i iiulip.l i icv rn.u 
hi' ohi.uhrd liv)in \\\r \\u\\\^\t\ Slndje-. (.mijiv Pivi-.uin i^t 
Si irtu t' I\fsi>nn rs htildu-s N.ihon.d Smi'mi r 1 ounil.it ion 
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industrial R&l) fundinH published by the 
National Science Foundalion^i^J 

NSr publishes estimates of total R&D funding; 
in industry, sJubdivided according to source. 
Figuro contains such estimates for 1978'and 
1970, :> Preliminary data for 1977 nhow $1^.5 
billion tor comp^iny funding and $29.0 billijon for 
total tunding— 11 percent above 1976 expend- 
itures. lucreases are expected in 1978 and 1979, 
both in current and in con^ttV^^ dollars. . 
_-NSKiia^ t^blisluid pruji2Cl ions furj.mid_2^^aj:s_ 
beyond actual data since 1968 in its Nafiofuib 
l\iitcn\> 0/ Ki^D Ri>ounc^ iSeries. The niean absolute 
errors of these projection^ (see Appendix table 4- 
5) are considerably smaller than the changes' 
projected from 1977 to 1978 and from 1977 to 

1970..V' 

NSl'also projects a 3-percont increaseinoverall 
industrial R&D from 1978 to 1979, to $22.0 
billion, in constant dolKlrs.NSFhasalso projected 
that $27.3 billion in coniitant 1972 dollars will be 
spent on indust rial R&Din 1985. with $07 billion 
of this coming from the Govenuiient and $l7.o 
billion from private industry. 

Overview 

liulustry's 1977- expenditures for R&D ac- 
counted foi- piLMcent of all R&D performed in 
the United States, these expenditures are 
iDmparable to the amount spent by industry lor 
advertising or for new plant^and equipment; thus 
it seems that industi-y considers R&D a major 

•» 1 rshni.ili's of iiulusln.il l^VI ) r\|n-iul)l ui i*s in.uir by 
'llu' N.ituMi.ii SiiiMu r i iUMiJ-Uion, by Mi ( i i m w*l lill 
I^iHuMlioiis Conip.uiv, »uul by noUi-llr MiMiuui.il liishlulr 
li.ur lu-riulu-rki'd .i);.unsU.uli^rijiicnMi luolNSI il.il.i lot I ho 
yiMM. ioi whuh llu' pirdiiluuv. wc-r r m.Kli- Tin- i osulls .U'O 
slunvn in Appi-iulix -l-f*. Mr.iii .ibsnluU' l•n■llls^l^r 

slunvn, i i*, llu- aviMM>\i* oi iho yiMi'ly pri lOnt.iJ'.c I'l i or*., willi^ 
i-.uli tKMloJ .is .1 poHiliviMiuinlnM . C onip.iriMMi is bi-in); ni.Uli- 
u-itli \bv NSl il.iM blunvii ill Apfv^n-iix ItiBlr^ -2 It sluuilii bi- 
noud I luU ihrsc J.il.i Iku'I' briMi .ulin^lcJ fi oni iboiroi ivjn.illy 
u-porU'J wilui's \oi Hu' yi».ii s I 7J>, .is Misi u<siM \u 
liulu^liijl SpiMulmK K('<iiluHL$2(>-t> Billion n\ |07i>/' ^ 
/<,s.i»>.,..^//Jm> /li.Njn/tx/iFs, N.il(f>n.il biUMu'i- lonnil.ihon (NSl 
Wilh tlu' ulilri' nmnbiMs. ,iIk* riroi j. .m- blyOifTy 
lowrr. An i'.\iluM' cnin[Ui.ihvi* .in.ily^i^ of v.irivnis iiulush i.il 
Ri^n f*?tini.Uos is liunul in "A Coinp.uKon nl N.ilioiuil 
huiusliuil Ki^n r.^lim.iltS with Ai UmI NSI K rnsus IXU.i. ' 
Rcvuir^ .»f Piilii «»i S« n-nii Kt^oitut ^. Notion.il Suimu v 1 omul.ilion 
(NSI 78 .Ui.^) 

'•On ibr lonsl.itil iloll.\i iluul., tlu' CiNP niipinil pi u o 
ilrtlaloi h.is .ilso briMi proia lnl lor l^>7f^ .iiul I '^'70 
Sit ApponJiv l.iblr -I I 
* On llu» otluT h.uul, llu'v*u iMnin;.iil(M\ibivli :uliiinof iho 
.U'i*i.i>;i' viMi lo ytM! ili.inv.r in tuiuhnK. wliiili w.is o prru'iU 
K)i lol.il luiuis, Opi-ru'iil loi tonip.iny luiulx*uul 1 pi»ru*nl lor 
I i-ilcrol luiuls JuMO); ihis pcrioil 

l-^KiU /<Oi[Hi<»n/fH\:/'w»;i't/ij>;is,N.ihon.il Sut-iu i»l oiniJ.Uion 
iNS! 7o p. 20.' , 



investment. In constant dolTar terms, I9t><> v^as 
the yci\r in vyhich the most support was available 
for industrial R&D from all sources. T-liere v^as a 
low point in funding in 1975/ but steadily 
increasing levels of support are expected to 
continue to new highs in 1978 and 1979. Fede/al 
support was more than half the total from flie 
early 19o0'5 to* 1967. This si^pport began to 
slacken in the niid-1960's,Sn*\jiily becau>sc4 of 
decreases m the DOD and NA&A budgetslor 

extramural R&D; these figures aiW still l oweil i n 

conslont" dollars, tKan iheir 19j)7 values. Ipy 
contrast, company funds for R&Dliave increased 
almost every year since 1960^^itm)nstant dollaVs, 
This investment seems to^t^rallel fluctuations' 
the manufacturing industry component of GDl^ 
which may mean that a generally healthy and 
expanding economy is necessary for increases in 
industrial R&D from company funds to occur. 
NSr projections for total Industrial R&D|fund- • 
ing, ami for industry and Federal si^^port, 
indicate steady increases in 1^-^78 and U^79. 

Industrial R&D expenditures ar^ hyavily 
concentrated in a small number of coCnpanici^. Of 
the estimate(VfO,400 to 15,700 companies that 
perforn/R&lXH 20 together do more than halt. 
li>^ustries differ gre^atly in their degree of R&D 
conceiitraiA^n. For all manufacturiiSg industries, i 
the iSitio of R&D to iiet sales dropped from 4.2^ 
percent to 3.1 percent' between 1967 to, T97!7, 
becausiNnf the drop in FeUeral funding. The 
aircraft aittd missiles inc4utlry still spends four 
times the \\'vv^^, in-rt»lation to net>!^files, w^tile 
some oth(M<-r^end much -lesi^tiran the average. 
CcMUpan/funds as a percentageof net s>Jes forall 
manufacjuring industries remained /level at 2 
percent trom 1967 'to 1977. 

: DISTRIBUTION OF INDUSTRIAL R&D 

AMONG BASIC research: 
APPLIED RESEARCH, AND DEVELOPMENT 

Industrial R&D comprises a wide varie^^y of 
activi'ties, ranging fronyesearch that cctntributes 
to the advancement of science and is published in 
acadenuc journals, to the development bt new 
products ai)d procC^sses, to the l^esting^U lu'vy 
industrial procet^ses in pilot plants. Trends in 
R&D, therefore, cannot be understood unless the- 
R&D effort ie separated intoitsRwponents. The 
distri'bTTlion schemi^ should be applicable 
throughout industry as well as iiUheothOrR&D- 
perfornning sectois. The categories of basic 
' research, applied research, and deveK^pment"' 

\\m ilrfimlions of b»isu m'simiiIi. .ip[ilu*il i rsi-.iu l\. .iiul 
Nalion.il Sui-ntV 1 oiiiKltilion (NSI 7.^- .M-D/p I. 
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«iro the mo»l widely accepted for ihispurposeand 
are generally used in national data gatherinR. 

Basic research i$ tli^* componenl of iiuluslrial 
R&b that Ri\'Vy the performing firm thegreatest 
difficulty in ca^^turinglhe returns. Ualsorequires 
the greatest length of lime U) pay off. \\ is 
particularly difficult to demons hale a payoff 
from basic research because it typitxilly is eilher 
long-range work leading lo improved knowledge 
of an unpredictable nature or medium- or short- 
range.work conlributing in some unquantifwbltf 
"iviiyiTya"piT)durTT)T proces^iiuvrlopTiTentTi^hnsT 
'industry will not support basic research eXlen- 
sively unless it is willing to make a long-range 
speculative investment. However, it ha*s long 
been accepted thai modern technology is heavily 
dependent on basic research and, indeed, thai a 
liigh-lechnology industry cannol conlinue to 
grow and remain competilive without constant 
infusions of knowledge generated by basic 
research. Vhe role of basic rVseaich in 
technological innovation has been the subject of 
renewed interest. The discussion is made more 
intense by the fad thai Jhe proportion of 
industrial R&D expenditures goinji^ to basic 
research has been declining, as the fallowing 
discussion shows. This decline^, has caused 
concern about the future ability of U.S. industry 
to compete 'With foreign high-technology im- 
ports. On. the other hand, U,S. industry may 
benefit from basic research performed in other 
sectors of the econojny. 

Total Expenditures for Basic Research, 
Applied Research, an^J Development 

y The trends in tAtal industrial expendituies in 
these throe areas since 1960 are shbwiTon figure 
4-4. In 1977^, tievelopnuMU received 78 percent of 
the totah applied research received 19 percent^ 
and basic research, 3 pei cent. In therms of dollars 
expendej:^ the in^lustrial R^J^D system is mainly''a 
development system. 

In current dollars, industrial basic research 
expenditin es. iiKTeased each year UkSXw 1^>60 to 
1968, declined from I9b8 to 1972, ajul have 
increased steadily since 1972.Theconstant*dollar 
pictine is slightly different. In those terms, 
industrial basic research expenditures began to 
decliiH^ as early aB l9bC^. There was a 27-perceiU 
decline'from 1966 to 1972, with an apparent small 
recovery beginning in 1975. The turnaround in 
the mid-1960'sevidently cannot be related toany 
changes in the ]^atiot\a I 'economy. Oneexplana- 





4^' 



tion comes ;from a recent study sponst^red by 
NSF.-^' Basyd on extensive interviews with 
industrial k&D managers^ it'came to the follow- 
ing conclusions. Top induutrial management in 
the ]950's had phued a great amount of faith in 
research for its own sal<.e, an attitude which can be 
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MaiuuM"s jr.. I'A. Sk'^cm; and \ \ K Nason. "^uyyof iol 
/iiish /uM\in/i Inf htdui'tni, (^l I ouis, Mo.: I|uii»shial K^scarir 
liisliliitc Ri'soaivh Corporation, 1^>7S), pp, 18*10 
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traced to the prestige thiit science acquired in 
World War II. In the^nid-1960'8, . however, 
Industry began toHTnanage R&D as a corpoiate 
function with a goal-directed emphaBis. Thus, a 
new breed of managers entered the picture, and 
structures were established in industry that 
made the R&Defforts more^ost-aCcountable. In 
this; environment, the hi^h basic research ex- 
penditures. of the past did not seem justified to 
managers. Other possible reasons ore discussed 
below in connection with the iiiore detailed 
rTyf"baslc-research in Industry. 
Applied research expenjtlitures also showed an 
increase in the 1960'8 (ai 28-percent~ rise from 
1960 to 1968, ill constant dollars). Since 1968, 
however, fluctuations havj,» been relati,voly small. 
Development funds setMii to be highly dependent 
on the state of the general economy, with 
decreases in constant dollars in 1962, 1970, 1974, ' 
and 1975 Most of these were yvhrs of business 
slowdown, and hence, years in which indystry 
would h^ive been pofisimistjc about its prospects 
for sal^ and profits^ and Inclined to cut costs, 
Since 1975, both applied research and develop- 
ment have shown signs of constant dollar 
recoveries, reaching new highs in 1977 Or 1978. 

Federal and .Company Support for Basic 
Research, Applied Research^ and Development 

These thi ee types' of activity Ciln-be analyzed 
according tc> their sources of funding toshow the 
different Federal and company objectives in their 
support of industrial R&D. Xhw, figure 4-5 
shows that the Government provifdes a greater 
share of development costs than applied research . 
Xi^ts^ and a greater shvireof applied research than 
bash^research. Hc>v^^^^ sharp declines in th^ 
Federtitnliare of support in both agplieti research 
and devel(^^ient began 'about 1963 and con- ■ 
tiiuied to 19^6. This reflects a^ decline. in the 
Federal contriofc^ion to industrial applied 
researdi and . devehaoment while compan^- 
/originated funding incrtused. Thus, the levels C)f 
applied research and development (effort seen in 
figure 4-4 havi»be.^Mi sustained in the 1 970^s.much 
more by indushy than by tlvf* CK^vernnuMit. ^ 

In basic researcli^^ the Federal share of supp'Orl: 
has dropped from the 30-percetit levels of the ' 
mid-1 960's to apprnximotely 20 percent. In- 
creased Federaljnterest injrnyrgy aijd space has 
\vii to srnalh increases in the Feder^^l shnre stnce 



As miMsumi by thr MC^DP; soo J/ji; Nh/mhiW iMiomr umi/ v 

Drp.irlnuMil of C omnu'rf c, HunNiu of Ku>iV{>niii Anal^nij^.-pp. 4 
18'!^), «inil «'/ Cuttnil, U.S. .p.vp.U iMionl of 

(■'onimeriiv IkitiMu of lAonomii An<ilyj?i>i (Uily 1^77), p, 20. ^ 
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1973, and these increases^ arc expected 
4 . continue. In clirt;/?nt dollar terms, Fecif?ral fund- ^ 
ing has returned to the level of the m^d-60's, after ^ 
reaching a K^^w point in»1972. Company funding 
has increased steadily sinct^ the eatly f96Q.'s. : 
However, in constant dollars, funding from both 
sources has diopped Since the fjiid-i960's. TheYe 
. was 110 3uch tfrop iiuH^mpaiiy funding iiUhe case ' * ' , 
of*applied research arui* development. " ' 

. The different objectives held By the si)urces of , 
industrial R&D fuiulhig are evident from fiHWt'e ' • ^ 
4-6. \Mv Fedet aJ (lOyernmeiU places'exceptit|||!ial 
emphasis on indu^strial development as'opposed ^ ' * 



ERIC - • 



.1 




HrTTT 



Basic rese^h 

T I . I I .LL.!! 




f0- 



W 
m 



Applied research 



Basic research 



i^j !• I'l I til I I i I I I 1 .1 



- W\ 

■'4 




to applied research and ba»l<? research. Although 
there have been small fluctuations, the distribu- 
tion of Federal funds to the ihree types of w.ork 
has nQt changed greatly over time. 

Jn the case of company expenditures, the 
emphasis on developrnent is less, but it has 
Increased froip 66 to 74 percent of theiotal since 
1^64. Both applied and basic researtlh have 
declined, in. percenti^ge terms, in favor of 
VIevelo'pment. Both, of course^ have increased in 
current dollar fu^iding (Appendix table 4-7). In 
-coaatant^ dollars, company support for basic- 



research fose 1 percent from 1962 to 1977 but 
increased 50 percent for applied, research. For f 
development, the increase WW 122 percent. 

Several reasons have been given for this trend 
away from basic research, which has been 
discussed extensively. One study-^^ suggests the 
following reasons, based on extenslveinterviews 
Conducted in 1977 and 1978 with company 
officials: 

1 . Inventions made in the Iate^l960's have led to * 
current needs for development with an 
emphasis on exploiting possibilities that have ^ ^ 
already opened up. ^ 
^2. The relative profitability of private .enter- 
pjritfe has decreased since the mid-196(Vs, 
making less discretionary money available ' 
for investment in basic research. 

3. Government regulations^ have increased, 
thus diverting research funds to efforts 

"designed ^ocon\ply with the regulations. 

4. More R&D funding is going to applied 
research and development fOr energy conser- 

* ,vation, which promisesa rela^tvel^y quick and 
easy return on investment. " 

Another possible explanation suggests that the 
trend toward development is due to the expecta- 
tion that inflation will continue. The increasing 
business uiicert|inty resulting from high infla- 
tion ratesleads ti^^iigher return targets forfeiture 
years and, therefore, to investmentsfin projects 
that have a higher probability for shorter-term 
returns. ^ 

Federal Funding in Individual Industries. 

F(^>r a few industries,' it is possible to show the 
Federc\l share of funding for th<j three types of 
R&D activity (table 4-'3«). Such inform«xtion is 
helpful in seeing wlfere the leveling^off of 
current dollar Fed^al funding and the 
reallocationsof(;4jjmpimy funds haveoccurred. In 



^ ' CM!. M.uincMi, ]\\, and M.K N.ison/'I rnulH in liuliislriiU 



nearly every industry shown, theFederiilcompo- 
nent of support id greater for applied research 
than for basic research, and greater foodevelop- 
menl, than for applied research. Between 1%7 





and 1977, the Federal share of funding for each of 
Jthe three types of R&Ddecreased in almost evei'y 

industry for which data are available, 

* ' . . . . 

Basic Rcf^earch in Industry 

The*recent shift in company funds f^om basic 
research to development has caused concern 
among those interested in national sciencepolicy. 
Basic research, whetht^rperformed in industry or 
elsewhere, underlies and leadii* to the applied 
research and development that is then phased 
into comm ercialiy.ation by the private sec 1 6 r . ^ 
However, it is important* to^ know how the ^ 
knowledge produced by basic research is useful in 
the creation or improvement of commercially 
significant processes or products. Some* welU 
known studies have addressed this problem.^^-^. 

According to a simple and commonly used 
model, basic researc^h, applied research, develop- 
ment, and commercialization are distinct events 
that follow one another^ ivith each stage causing 
thej^ext. This model has been highly criticized 
recently, but it still has validity in certain high- 
technology industries, such as electronics and 
chemicals. Such industries look f^r definite 

^discoveries from basic research, which are 
pushed through the subsequent stages and are 
embodied in commercial products. The discovery 
of the. transistor is an example. Induairiesof this ^ 
kind are the ones most likely tcV-fierfprm; 

. substantial amounts of basic research in-house,^^ 
However, not all technological innovations are 
related to basic research in tljis way. In fact, much 

if of technology is"self-contained"in thesense that* 
it exploits knowledge' that has been prodticed * 



Frank Pros9,"'l mv^^rds Nt»vv N.Uion.U Polk it's* toIncriMse 
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iml;ihe Lcommy (Washington: American Association for the 
Advancement of Science, 1978), p. 71. 



within technology, not knowlodpe imporl'ed 
from the scientific world. 

Even when basic research does not provide tlie 
central idea ttwt comes to be embodied in a 
techtiol<!>gical iiwpvation, it can help the innova- 
tion process in many indirect ways.-^^ However, 
since research outside industry can also provide 
f this assistance, many industrial managers in fa^t 
feel that bask research should be performed 
outside ifidustry, prefera^ at universities.*^^ 

Thus, the question arises as to how much basic 
research s h ould be performed in U ^j^stry . On the 
assumption that higher levels onKcYesearch 
%)erformance in industry are desffable, some 
Government policy options* to acnieve these 
levels have been suggested. 

Table 4-4 shoyvs that industrial basic research 
{^concentrated in a small number of industries. 
Of the $869 million spent on industrial basic 
research in 1977, 39 percent was spent in 
chemicals and allied products alone. Another 21 
» percent was spent [n electrical eqiiiipment artd 
communication. Comparison of this table wfth 
figure 4-2 shows that basic research is mor^ 
concentrated by industry th^m isj^tDtal R4tD. 
rable4-3 shows that in 1977 these^twoindustries 
had 25 percent or less of their b^ic researffh 
supported by the Government. Hen^e, tJjeir large 
basic research efforts are mainly duetto private 
industry's own funding. These ifvjo industries 
appear to be the ones that most 6hen turn in- 
housc basic research disccf^eries ^into 
technological innovations. 

Table 4-4 also shows that fhe chemicals 
industry has a ratio of basic reseaj^t^ to net sales 
. nearly twice as great as any othe/ industry. This 
iable can be compared wifh tiAle 4-T which 
jihows the ratios of all R&D to^nft sales for each 
indjListry. The aircraft and missiles industry leads 



See N. Rosenberg. "Thinking cibol|^'TechnoK)gy Policy 
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Ttihnolo^y ivui Culture, voj. 15 (|cinlitiryfji974), pp. 31-41. 
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in total R&D as a percent of net sales, but not Jn 
basic research as a percent of net sales? 

In terms of the distribution of basic research 
expenditures by field of science (figure 4-7), 
chemistry is the single most important field. In 
1977, qhemistry received 31 percent of all 
expenditures^or industrial basic research. Thisjs 
consistent with the heavy expenditure for basic 
research that occurs in the chemicals 'Vidustry 
(table 4-4). In terms of constant dollars, almost all 
fields of scie^ice have^een a drop in funding since 
the kite 1 ^60 s> although fhore seems to be a new 
upward trend .^ince 1975.^^ For example, funds 
for basic research in engineering dropped 35^ 
percent from 1967 to 197^, with a 16 percent 
recovery from 1975 to 1977. Funding for physics 
and as^tronomy first dropped 61 percent and then 
ros^ 18 percent. In contrast, funds for basic 
research in the life sciences remained relatively 
steady up to 1975, after which they also in- 
creased". 



These-dlita series have'undergon<;,severalrevisioiissince 
they^ first ^)eKan in 1957; small differences should be 
interpreted with caution. f - 
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Owv iHMsoh iiuluslry hiis lul biKl*. on its own 
lonsttinl-dollcir fuiulii^^ of b^sic research mny bv 
.m>nvu tii)n ihtil btisic rvse*^ t lishouki br tioni* in 
iHitside lobor»ii>iric'^ insteaJ. Thus, il^^s useful to 
kin>vv whether industry hos at the same time 
increased its support foi basic research in other 
secl^?!^, afid^to what extent, •» 

From UH^O to I^^C)0, iiulustry pert onnedMbout 
87 percent of iisown basic-research ' '(H^ure*l-8). 
This share then dropped to 82 percent in I^^72, 
/and has ren^aiiu^d fairly stable since, hi terms of ' 
constant dollais, industiy's suppoi t for basic 
^ X=;**A^bearch in all sectors dropped from $^hv^ million ^ 
^ '-rn M ^o to $5^^3 million in I^>77;Or I I ptM Ctyit. " 



«* Ibis iiului-lfs llu- b.isV M'siMnh th.il owv n\ilusl!Ml 
\ uMurin jvifiMfus uiMiiM lonli.ul \vilh .)iu>thi'i 
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1 his decrease occurred despite a 2<^-percent 
coti^^tont dollar increase in support to the other 
sectors, Universities and ci)|le>:;os in particular.' 
Thus, when allowance is made- for inflation, the 
increase in indus.try's basic research suppi>rt to 
other sectcHS is not enou)L',h tocompensafefor tlie 
decrease in its within-industry funding. While 
industry fundi(^^; for R&I) performed in industry 
l-ias inc r eased from its 1 ^^75 low, there has beei] no 
^i>>nificant change, in constant^lollars, ii^ funding 
to other sectors. No significant change in 
industry's fundin>; to any sector is expected from 

1077 to 1078/ 

« 

Overview * , 

Industrial R<SiI) funds have traditionally been 
allocated so that developnnent rec.oived by f»U' the 
j.\reatest shaie, and basic research the smallest 
share. Hasic rest\\reh (^xpendituil^s, in constant 
dollars, h;ive declined from their peak value in 
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1966, but have remained stable since 1972, with 
an apparent upward trend sfnce 1975. This 
decline may be due to an increasingly critical 
attitude toward basic research within industry, 
which demands more evidence of tan^ble payoff 
in the shorter term in a period of high inflation. 
Applied ' research and development had peak 
funding values, in constant dollars, in 1969. 
Applied research funding exceeded its! 969 vajue 
in 1977, and development is estimated to have 
done so in 1978/ Continuing increases are 
expected. Levds. of development expenditure 
seem to depend on the state of the general 
economy. 

Federal support of R&D in industry is heavily ' 
skewed toward development, even more so than 
is industry's- support. The FederaUomponent of 
applied research and development expenditures 
dropped considerably between 1963 and 1977 
because Federal support Remained fairly level, in 
current dollars, while industry funding in- ' 
creased. The'Federalcomponentofthesupportof . 
industrial basit research rose from 20 percent in 
the early 1960's to 30 percent in the mid-19^0's, 
and returned to 20 percent in the early 
1970's. Again, federal current dollar expend- 



itures for bask /e^enrch have returned to the 
level of the mid-1960 s, after reaching a low point 
in 1972. Company "R&P funding has Increased 
steaduy since the early 1960'a, Increasing Federal 
intere^ In^nergyancl space has procWicedaslight 
increase in the FAleral sHare of basic research, 
applied research, and d^velopn\ent in the jast few 
years. The Government supported 23 percent of 
industrial basic research in 1977, 24 percent of 
applied research,%nd 38-p?rcent of development. 

Company funding has gradually been shifting 
in the direction of development. Both applied and 
basic research have received declining percentage 
shares, Besides the Increasing demand for visible 
payout^ this ^rend is attVibutcible to(l) thei>eed to 
develop inventions made Ih the late 1960's, (2) 
lower profits and hence less dj»cretionary rncHiey 
for basic research, (3^ the nfced for more applied 
research to comply with incr€;a9ingG.overnment 
regulation, (4) easy and attractive payouts from 
applied research and development for energy 
jconservation, and (5) industry demand for 
^shorter tfrm and more certain payoff /from 
investments because of worries ""about future 
inflation. 

-This trend has caused concern because b'asic 
research is considered the foundation for much of . 
the Nation's technologiclft. innovation. Innova- 
tion in turn influences, the level of industrial 
productivity, the balance ^f payments, and other 
aspects of the economy. However, basic research 
is not always necessary foJ* technical innovation; 
when it does help the process, it can do ^o in 
various ways. Since 1966, industry hasdecreased 
its own funding for basic research, in constant 
dollars, and has increased its support for basic 
research in universitle's and colleges and in . 
nonprofit institutions. However, the net effect, 
in constant dollars, is an overall decrease in *. 
industry's support of basic r^arch. Again, there 
are signs of an increase since 1975! 

APPLICATION AREAS \XSVi R&D 

The indicators in this section show the specific 
technological 'areas to which industrial R&D ^ 
efforts are directed. These data are of interest 
because they show the product Yields In 'the 
private economy where corporate management 
hcis felt that investment was desirable. These^ 
indicators may help in forecasting the areas iii 
which future technological - innovations will 
occur, The data show the effect of Government 
decisions, e.g., in the balance biptwe^n the 
military/space and the civilian components of 
Government R&D expenditures in/ industry. 
Th^y also show the effect on R&Dof events such 



» a$ the 1973 oil embargo and the environmental 
mo(^ement; which have led to special |1&D efforts 
related (o energy and pollution abatement. 
Finally, they cBn help to show the^reas of 
technologjr in which more (or le88)^R&b may be 
needed, (jlovernmen't policy can affect thtse 

' levels of effort through direct fuo'dingor thrt)Ugli 
indirect incentives and disincentives^ 

Applied Research and D.evelopmen^by 
Product Field n 



. .le didti'ibutlon ot K&D expenditures accord^ 
ing to individual industries was disCussed earlier 
in this chapter, \\hen R&D expenditures are 
classified by industry only, all of the R&D of a 
large; diversified company is assigned to thesame 
industry. This method does not show the actual ; 
areas of teclt^ology that the coitT^Sany is working 
oni' Another mode of analyzing industrial R&D 
expenditures is also available; i.e., according to 
product field.^'^ R&D expenditures by product 
field represent a finer breakdown than those 
according to performing jndHStry. However, da|a 
are harder toobtajnby product field, and many of 
the data'^presentations possible by performing 
" industry cannot be made by product field. Hence, 
the two kinds of data complement oni^ another. 

Figure -4^-9 shows the distributionx>f applied 
research and development ( AI^D) expenditures 
• in U.S. industry a«cqxding to product field.^*' The 
first four product, fields shown together ac- 
counted foi; about half of all industrial AR&D. To 
^he extent that tWhnologicatinnoyaiion depends 
on levels of R&D expenditures^ tne»e are the 
areas of technology in whic)i future techhologital 
developments in the United States can' be 
expected to be concentrated. . 

Information is also available on Federal support . 
formostof the major product fields (figure 4-10). < 
, The Government's product field interests can be 
\ compared with thoseof private industry. Clearly, 
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*^ The ^ taxonomy of product fields corresponds apJ 
prc^ximately, but not .exactly, with the manufacturing • 
industry taxonomy used earlier in this chapter. Both 
consumer products and intermediate products sold to other 
organizations are included. 

Basic research expenditures are npt Cncluded because, by 
definitib^i, they are not dftected to specific product lines. 
Figure shows only major product fields^ i.e., those at the 
highest level of aggregation. Data on the more disaggregated 
product fields can be found in Appendix table 4-13. 

*^ A summary of the extensive literature on'this relatioiT- 
ship cah be foUnd in C. FVeeman, "Economics of Research and 
Development," in Ina Spiegel-Hoesing and Derek J. de Solla ' 
Price (eds.) Science, Technology, and Society: A Cms-Dt^cipUuary 
Pmp^'^flW (Beverly Hills, Calif,: Sag^ Publications, Ltd., 1977), 
pp. 2j23-275. ^ 
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the Government is mainly interested'in space- 
and defense-related products. Industry is virtual- 
ly self-sufficient in its support of AR&D in the 
last four fields shown, » which are directed 
primarily to the civilian economy. In ferms of 
total dollars, most Federal money went into 
^ided missiles and spacecraft, communiC:ation 
equipment and electronic components, and 
aircraft and parts. Most company money went to 
the nonelectrical machinery, communication 
" equipment and electronic components, motor 
vehicles, and chemicals product fields (s^e 
Appendix table4-13). t^^us,only thecommunica- 
tion equipment and electronic components field, 
which has both civilian and military' aspects, 
receives heavy support from both sectors. 



It is also important to look at changes in R&D 
expenditures by product field over time", in order 
to observe any $W\ft^ of emphasis that may have 
occurredkin iridusjtrial AR&D. Table 4-5 shows 
the broad product fields with the greatest 
changes from 197.1 tcri977.^« Defirtite decreases 
from 1971 to .197^took place in product fields 
related to aerospaA, where th^ Government's 
share of overall supplbrt w^s the highest. <^ The 

<ft Appendix ^Sble4-14showsthepercentagechangesforall 
product fields. Funding levels by product field for 1977 are 
shown in Appendix table 4-13.* ' 

Recent shifts in the Government's support for R&D in 
these fields are discussed in the chapter on Resources for 
Research and Development. 

C 




rapid' decreases in these product fields do not 
imply, however, tWat Federal support for all 
industrial R&D has dropped^ a comparable rate, 
*As figure 4-1 shows. Federal funding for indus- 
trial R&D increased from 1971 to 1977, even in 
Constant dollars. » • 

The product fields showing the greatest 
increases frpnrl971 to 1977 are, almost without 
exception, the ones'that depend least on Federal 
support. There is not enough information 
available to explain all these changes. However, 
sales in the instrument fidd, where AR&D is 
mainly, company-supported; seem lo go up and 
down w-itL^the economy as a whole. Instruments 
are us,ually sdld to other industries, and their 
purchase can be postponed when times arp bad. 
Accqvding to discussions with industry officials, 
an increased commitmenl^of company money to 
this product field, which has occurred in recent 
years, m^y reflect optimism about the economy. ' 
There has been an increased R&Deffort in drugs, , 
in part because of increasingly stringent 
regulations put forth by ^he Food and Drug 
Administration that have required increasingly ' 
high company expenditures for the safety and 
efficacy testing of products. The increased 
AR&D in petroleum is closely related to the 
increased interest in energy technologies and 
recent increased sales in thepetroleum industry. 



Increases in the nonelectrTfcal Inachinery field can 
be traced to^some of its subfjelds (see Appendix 
table 4-14). Outstanding among these are farm 
machinery and equipment and Engines and 
turbines, which had a.^reater AR&D increase 
than any other subfield in' the 1971-77 period. 
The increase in engines and tiirbines was due 
largely to efforts within the motor vehicles 
industry to develop improved diesel engines. 

Energy-Related ll&D 

Interest in energy as a separate area ox 

technology has been intensified by several recent 
well-known events, in particular the 1973 Arab 
oil embargo. Since that time, both private 
industry and tl^g Federal Government have 

^ sought to dimini^f\ U.S. imports of petroleum by 
developing domestic supjJlies, developing" and 
adapting to alternative energy sources, and 
practicing conservation. R&D has been an 
important part of this effort.**' In 1977, $1.9 
billion were spent, on energy-related R&D in 
industry (table 4-6 an<;l Appendix table 4-15)' This 
expenditure was 6 percent of all industrial R&D. 
It was also 44 percent more, in constant dollars, 
than the energy R&D expenditure in 1973, the 
first year in which such data were collected. 
Almost half of this amount was provided by the 
Government. However, the following discussion 
shows that emphases and trends have been 
different for public and for private funding. 

Much of the increase in energy R&D funding 
since 1973 has been in the nuclear .technologies, 
which have consistently taken up about half of 
the total fundingand aneven larger portionof the 
Federal share. In 1^73, 95 percent of Fed^eral 
moneys for energy-related industrial R&D went 
into nuclear technologies; even with increased 
Federal interest in other technologies, the share 
was 73 percent in 1977. The Government has 
traditionally taken the major responsibility for 
nuclear energy R&D largely because' of its 
ijiilitary connections, but also because the la*^ge 



•^^^ Further information on individual product fields am be 
ySbtaintd from the Industry Studies Group, Division of 
''Science Resources S.tijflies, National Science Foundation. 

A general discjlision of energy-related R&D and 
innovation can be fouMin "Innpvatlon in Energy Systems/' in 
K.F. Corden (ed.), Te\nolo^iinl Ititmation and Ecotwmit Develop^ 
fient: Hhs }hf U.S. Ij0st\he InitinHve?, Energy Research and 
Development Adminis'tration, 1976. For the Federal 
Government's current interests in basic research in this area, 
SCO Sim ial Analyses: Budget of Ihe United Slates Covernrntnt. fiscal Year 
Office of \lanagement and Budget, p, 317. For the 
definition of energy-related R&D used in this chapter, see 
Rfsearch and Development in Industry. 1970, National Science 
Foundation (NSF 78-314), p. 70 



Tublt 4^6* ToIaI induttrUl txptniillurtt felt trttrgy RAO «n<l Fcdtral compohtnt 




Primary energy techneioyy 



1973 



1974 



1975 

-I- 



1976 



1977 rp78(e*t) 



Tptal expenditure 



All technoiogief 
FpMil fifel . . . 

Oil 

Coal 

Gas . . . « 



$1,004 
433 
297 

49 

51 

-■ T- 

29 
501 
476 
25 
1 
2 

^67 



$1,213 
507 
■ 325 
65 
•74 
13 
30* 
601 
566 
34 
2 
•7 
20 
76 



$1,374 
632 
. 321 
109 
60 

n~ 

23 

yoo 

659 
.41 
6 
19 
^ 52 
64 



$i,6q6 
5113 
368 
127 
68 

TIT^ 

5 

799 
741 
58 
13» 
43 
83 
85 



$1,930 
699 
420 
177 
78 
15. 
. 5 
906 
823 
83 
24 
65 
124 
116 



$2/1 4d 
>03 
443 
240 
84 

23- 

. 7 
943 
867 
* 70 
20 
90 
170 
134 



Other fpssilfueU. !. ... 

Nuclear . , . ♦ • • • • • 

. Ftision '.TJ 

Fusion : « • . 

Geothermal 

Solar 

Conservation ami utilization y. .V . 
All other energy technologies . . . . 



All technologies 

Fossil fuel . . ? c 

Oil. 

Coal . 

Gas . 

Shale. 

Other fossil fuels . . . . . 

Nuclear « 

Fissioii / . . 

Fusion . . , . , . 

Geothermal . . . . , 

.Solar it.(i.*«l(.'a*4a»4.|j 

Conservation and utilization , . 
All other energy technologies , 

NA = Not available. ' 



REFERENCE: Appendix table 4-15. 



38 
2 
1 

14 

}' 

73 
73 
'72 



^33 



Federal expenditure as a percent, oftotal 




49 
8 

2 
29 



77. 

76 

90 

;48 

19 
28 



47^ 

.14 
8 
37 
24 

1" 

75 
74 
^3 
62 
60 
20 
27 



.47 
.19 
4 
49 
26 

33 



1 31 



74 
72 
93 
38 
66 
26 
28 



NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 



( 



amounts of capital required and the long time 

tore payoff made various terhnologies unat- 
ctive to private industry at various times.' 
However, private industry funding in this area 
has also il^reased in recent' years, so that the 
Federal share has been approximately constant. 
The industry thi\t performs the most energy- 
related R&D and receives the mo*st Federal 
support is electrical equipment and communica- 
tion."'^ Much of this expenditure is for the 
development of large nuclear facilities toproduce 
electric power. Energy R&D in t\\\s industry 



.increased by 26 percent from 1975 to 1976 alone. ' 

/ Electrical industry spokesmen attributed this rise 
to projects evolving from research into the more 
costly development stage.''^ An additional in- 
crease*of 20 percent occurrei^from 1976 to 1977.'' 

^ . Most support for nucjear R&D^has traditional- 

» ly gone into fission technologies, v#hich are the 
only nuclear technologies in operation. Nuclear 

' fusion has seemed a ^relatively long'-range 
possibility, but recent public and governmental 
concern with fission technology has caused 
increased interest in theslowly developing fusion 



'•■^ Ri'svanh luui DcveloptftetU in Indu^ity. 1970. NatiotiAl Science 
.Foundation (NSF 78-314), p. 44. and fveliminary data. 



''^"Industrial R&l) Spending Reached $26.c» Billion in 
, 1976," Sanut' Rc^ounv^ Slitdivs ilt^hli^hh. Natioiuil Science 
Foundation (NSF 78-.\pt»). P 1 ' 
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tiechnologies and greatly increased Federal sup- . 
"port. ♦ ' ^ 

. Fossil fuel technology receives the next largest 
amount of R&p funding, which also increased , 
considerably from 1973 to 1977. The petroleum 
industry performs the second largest amount of 
energy-related R&D, mostly In connection with 
oil and gas, although some companies have 
moved into less traditional areas. Energy-related 
R&D in this industry amounted to $531 million in 
1977, 58 percent of its total R&Dexpenditures.^l 
Unlike the nuclear technolo gies, oil recejyes very 
litt^e R&P support from the Federal Govern- 
ment, and the same is app^irently true for gas and 
shale. The petroleum industry built up a strong 
R&D effort early in its history, and has main- 
tained it largely without Government involve-, 
ment. ' ^ ^ 

New technologies are being developed in coal 
so that domestic coal reserves can begin to be 
substituted for oil and gas. Thus, some Federal 
R&D funding has begun to go to this traditional 
field, within especially large increment oc- 
curring from 1976 to 1977. 

Other alterrwtive technologies aregeothermal 
and4solar energy. These are long-term ap- 
proaches to theenergy problem that probably will, 
not soon make a large dent in oil imports. Thus, 
the share of Federal support is fairly higli. Solar 
energy is particularly attractive as a non- 
polluting, renewable^ and widely distributed 
energy sour(?t;^ as a result, solar technology is 
attracting increased Federal and private funding. 
Industry officials indicate that expenditures for 
these energy sources will remain small in the next 
5-year period, in comparison with fossil fuel and 
nuclear vnergy, but that the sharp year-to-year 
increases will undoubtedly continue.''^'^ This ' 
expectation applies ajso to conservation artd 
utilization, much of which has tc^ do with the % 
energy efficiency of industrial processes and is a 
matter of considerable interest to private in- 
drtstry. This interest may help to account for the 
-almost erghtfold increase in fompany funds for 
this area of R&D from 1974 to 1977. 

R&D for Pollution Abatement. . 

Pollution abatement is a task that industry has 
been required to assume primarily for the sake of 
.public health and safety, though this effort 
sometimes leads to new.technologies that provide 

Nntionnl Scieiue Foundation, preliminary tftita. 
'^■^ "Industrial R&D Spending Reached $26.6 Billion in 
1^76." ^civmi' Resources Stmiics H^v/rZ/.v/j/s, National ScierKT 
Foundation (NSF 78-306), p. 4. 



Business for private industry and add to the 
Gisjp,36 The amount* spent for pollution abate- 
ment R&D are leas than ihpsi^, spent for energy- 
related R&D (tables 4-6 and 4-7), although the 
amount spent in 1977 is still greater than the 
AR&D expenditures for many product fields 
(Appendix table 4-13). The increase in R&D 
expenditures-for pollution abatement from 1973 
to 1977 was not quite enough to keep up vvith 
inflation. Hov^ever, there v^ere substantial 

' increases from 1975 to 197^ and from *976 to 
1977. M6st of these increases can be attributed to 
R&D on automobile emissions. ] ^ 

Another<:onclusion to bedr^vs^n from table4-7 
is that^the Government bears a much i^maller 
shareof the R&Dcosts in this area than in energy. 
The area called "All other types" of pollution, 
' v^hich receives the largest percentage share of 
Federal support, includes such areas as'^radiatiOn 
and^noise pollution. With regard to radiation, the 
Government is>,especially involved in the problem 
of disposing of radioactivie waste, Noise abate- 
ment is a problem for the aircraft, industry 
because of public concern over noise in the 
vicinityiof airports, and theGovernment shares 
in the costs. In* 1977, the Government spent $8 
million on all pollution-abatement R&D in the 
aircraft indiiistry, 14 percent of its expenditures 
for pollution R&D.^^ 

By far the greatest share qf pollution abate- 
ment R&D is direct€^d to the problem of air 
pollution (table 4-7). The great bulk of these* 
funds is directed to motor vehicle emissions 
(Appendix table 4-16); 53 percent of all pollution- 
related R&D performed in industry in 1977 was 
in the mO/tor vehicles industry. The next most 

* impacted industry, is chemicals and allied 
products, which spent $84 million in 1977 on 
R&D to control its wide variety of effluents. 

* PATENTED INVENTIONS 

R&D activities have many results or products 
which, if they could be measured, would gauge 
the aggregate success of these activities. Ideally, 



For a dtfinilion of pollution abatement R&D, see Rcsvanh 
and Dvvi'lopmt*til in )iuiuiir\f. 197b, National Science Koundation 
(NSF 7S-314), p/7Q. Abroi^ddiscussion of industry's response 
to the environmental problem, as seen from an Industrial 
viewpoint, can be found in J.T. Lon>^, "Long and Short Term 
Impacts of Environmental Regulationson Industrial Research 
and DeA'elopment/' paper presented to the annual meeting of 
AAAS,lFebruary 15. 1978. An academic stgdyoftheeffectsof 
environmental regulations on one industry is CE. 
Schweitzer, Rv^^ulafions (nul UumuUion: The Case of Enviroumenlal 
Chvmiaih (Ithaca. N Y.: Cornell University Program on. 
Science, Technology, and Society, 1978). 

^"^ National Science Foundation, preliminary data. « 
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^Tibit 4^^, Total InduitrlAl RAD f xp«ndltur<^r pollution abatement and Federal 
-^^•^———^sharetjf leypendlturerby^typeiff 



IDollAra in millKMisJ 



Type of pi)llution 





1 • 

Year 


t . 


\« 

A II 

A All 

types 


Air 


Water 
or solid 
>^a8te 


All other 
types* 




1973 




V V ^ 


$603 
6% 

* 


$461 

2% 


$86 

5% 


$56 . -. 
38% 




1974 


Federal share . 


657 
8 


508 
' ^3 


74 

7* . 


75 

.39 




1975 




' 647 * 


478 
3 


94 
4 


75 

31 ' 




1976 




759 
7 


571 
5 


108 

. 7 


80 
' 21 




1977 




918 

6 


^ 685 

3 


133 
11 


100 
20 




197a ' 

(est) 




1,050 ^ . 


787 


144 






' ^ R^FEREJvJCE: Appendix table 4 16. 
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,suih iiUMSurt^s, i>r "i>iitpiil iiulk\ili>rs," vvduIJ 

pi>hi ynuiktTS li)drciJ(^ vvIuMIum lh(^ \v\'v\ dI 
v\\ov{ is tuk\|iMU^ lUiJ is prDihuinj; vvhiil is 
t*\ptHlt\l, ill virvv o\ ihc inputs it moivc^s. 
ActUiilly, llu* i>iitpiil liuliiMtDrs thot iMn hv 
i>fftM*t*d kW v \vw ami iinprrfc^ct. Tlu^y ar(^ sc^loc t^'^l 
phni.irily lHvaust\ 'tlu*y iUT nuMsuriibli\ iiri^ 
prDiliK l-s o\ R&.l)iK tivity (though alsOiiHta t(^d by 
i)lhrr infhuMicrs), and k^vv hv\\v\'f^\ to pVo\'id(^ 
'partial Infoi-niation abo.ut tfic varying amount 
and suiirss i>F that acli\'i^y. 

> C ounts ok [>at(*nts grai\trd by tK(^ U.S. I\itiMit 
and* FradtMiiaik Oftict^ tall iiito this catc^gory. 
'Tht^y s(M'\H'' as an indiiator o\ the lalc of 
prodiutiiMi o\ inv(Miti(Mis, vvhith kWV largely an 
i>utput of Kit 1) efforts "'^ 1 h(^se patents are based 
i>n Wi>rl? d(>i\e in all stn tors of tlu^ economy; m^t 
only in industry. Nevertheless, indusliy is 
rospi>nsible for nu^st of them, and niojt patcMits 
that are ust*d are ulti'matolv used in induj^lry. 



" 1 lu* P.Ui'iil ()nut* >\i»uil^ p.ilcnis U)i *m\rnlu)M*». iii 
^uKlilroM srn.iIliM luirnbiM lot ili'Hij'.ns .jnJ loj b{»l.n\u.il 

pIiUUs ! h|s>^ iMj^llM will k onsidoi IMtfOt'i \o\ \\\\K^\\\\0\\^K\\\\\' 



Relation of l\itents to. Applied Research cind 
Development 

C ompai eti vvithot h(M*output indii a tors, patent 
iounts present, relatively fcnv pi()l)lems of data 
eoll(H tioii or o{ sample atui pi^pulation definitfon.. 
!nde(\1. iiational patent offiVes contain what is 
probal)ly the niosl iompkMe. ihe iiio^4 detailed, 
and tlu^ longest i unnnig record o I infoi inatij)n on 
t(\ hnical a*, tivity in industry*. In tluHDO ven{ii>nal 
schemi^ whereby is divided in4(i/^basii 

t (^search, \ipt>lied I'esvai i h, and development, 
patents arise mainly frDm applied research work 
and from devek^pment . f hus, the "input" 
categories to be relate^.1 to patent"output"are the 
,combined inputs inti\ applied resear^ U and 
development. In some industries Muelle! found 
strH)ng c(Mrelations b(M vveiMi input data for 
x1evt»lt>pmen| work by individual industries and 
lagged^iif^'^^t data; in others, he fi>U!ul astri>nge! 

_J • I ■ ; . 

/.</ l\rtLr''it''it r\ RtrhW TNI S( O, I*>oO. p ,10 C ^llvi 

mIcM (ii.rr.Uiim'. in tins Juplci u'LitrJ lo p.Hmi'- wrir 
pun uirj l>v l.unt-. I I. mi*. M.uv I loltn.in I Jnuiiui kiU li .nuU 
kv[{\\ [\\\ Ml . . 



correlation for applied research and lagged J 2^. 
patent8>^Son^''lnV^eativework''Udoneout^ide''* , , , 
the organized R&D 8v6tem^ltogether. —^^ f-vyft|j^' 
The paten? system lea W9 the inventor (orTiis ' 'w^ 
employing firm) free to determine when in the ' 
process he wishes to apply for a patent. The 
patent system does, however, ^lace strong 
incentives on an inventor to apply as soon as he 3. 
believes he has a patentable, result, for two 
reasons, f ir§t, the inventor's fights can be cut off 
by the activities of others 4n ways that'he cannot 
foresee or control. Their publication or use in the 



Economists have also fou»d interindustry^ 
differences that support the notion that^ 
. patents can be iin index of.Jtechndlogici^l 
^ change. Annual patenting and net sales wer^ 
foUnd to be sVohgly correlabd for high- 
tec[inology industries ap^ weakly"^orrelated 
for low-technbldgy induttfles.*^^ ^ »^ 
Economic research has round that the 
production of patents reflects the typical 
production phenomenon of increasing and 
then decreasing returns (or decreasing and 
then increasing costs). As an industry* 




fajblic domain will activate the time limitations ojL 
he patent statute. A patent cannot be filed for an 
invention more thaji one year after its fir.«t^ 
publication or public use^. Second, the patent 
application date Is irpportant in any subsequent 
contest over priority, with a strong prima facie 
advantage going to the first applicant. Thus, 
although a patent may reflect an"invention"that 
ranges anywhere from a preliminary laboratory 
result tora fully commertiaiized product, these 
incentfves insure that most patents will come 
early in the process. A cortimercialized invention 
will usually incorporate hot just oi)e patent, but a 
whole string of patents emanating from each 
stage of the innovation process. 



. - ^"^^ - 

fast Use of Patents as Output ljndi^^iti^iWt%;,. V^v-^ 

There halve been a niJiriber of detailedecondiji^ ■ 
studies using pateitt cgAmts, which underscGre • 
their potential value as output indicators. For ' ^^/^ 
example: » • \ 

1. Economists have found a high correlation 
* between value adfted in an industry (i.e., th^ . - 
dojlar vaPue of sales minus the dollar value of 
intei"mediate goods and'^rvices) and the ^ 
number oQ^atents for inventions on capital 
goods products. Similarly, several 
researchers have shovyn that a rather strong 
statistical correlation ekists between such 
inputs ,as R&D activities by a firm^and the 
numbflrs of patents acquired, 



matures, the rate of patent a(Ctivity,flrst rlsed 
at an increasing rate, then at <a decreasing 
rate, arfd finally patent activity declines. 
Research has also indicated thatthenumbers 
o^.new patents in relation to the numbers of 
expired patents,* coupled with the ages of 
- ^ patents cited by a given patent, reflect the Iffe^ ^ 
cycle and the, rate of progress of a 
technology. Thus, patent counts can be 
used to aid in Analyzing the life cycle of an 
industry or a single technology. ^ 

4. Another analysis has used patenting by 
foreign countries in the United States as a 
means for comparing thek national technical 

. e^^prts. Patent counts are said to show the ' 
technical strengtljs aqd weakn^sses^t)! . _ 
various countries in Various indu3tries/ and -^i'-^- 
t h^;can be used rn^oni^n^Tipn^^ 
; "7 showing f ^e m^erfe/tioiil^^^ : • 

countries.*f. v^^. '.-^i^x ■ . ' ' 

5. Animf>ortant applicAtio<(|ifi^^ 

^has been Schmook1er'iargufti*n1^thati^ 
iive activity in several major cai^ital goods/, 
•^industries was demand-induc^d. Hfe com,-? ; 
" pared the k)ng-run vyaves in successful ^ 
patent applications with indicators of output 
in the same industries and found a high 
degree of correlation. He also found that 
trends for the 900 "important inventions" 
that he analyzed exhibited these samt 
features, hjis findings, according, to Freeman, 



D.;C\ Mueller, 'Tntents, Reseairlviijid Development, iihd 
the Measurement of [nventive Activity," jounutl oi buluslrinl 
tAonomk^. vol. 15*(N.ovember 1*?<36), Part L, pp. 20-37. 

laiob Schmookler and Zvi Ciriliches, "Inventing and 
Maximi/inK," ./^mtTifrtM Eiommtic Rvvivw, vol, 53 (September , 
>19c>3), pp. 725-729, Also see lacob Schmookler, Invention omi 
Lconmii Growlh (Cambridj^e. Mass.: Harvard University Tre^s, 
|006), p. 184. V 

Frederic "M. Scherer, "Corporate Inyentive Output. 
Profits and C»rowtH/' journal of PoliHnti hAonomy, vol. 73 (|une ' 
1975). pp. 290-297. Also see Wrfliiim S. Comaniir*lnd Frederic 
M. Scherer, "Patent Statistics As a Measure of Technological 
Change/' lounuil ol Voftiical Enpomy, vol. 77, (May/June 1969), 
pp. 3<>2-308. " r 



Frederic M, Scherer, "Firm Size, Market Structure, 
Opportunity, and the Output of I\itented .Invtntivns," 
iAntvru'iVi Lionomu Review, vol. 55 (December 1965), pp, 1097- 

im. . 

^ Edwin Mansfield, The Lmtomiesot Tei finolof^ical Clmtt^e (f^ew 
York: Norton^*19(>8). p. 36. ' ' 

Richard S. Campbell and Robert McCuniiis, Volenh tuui 
Other Indkniors of Apfilied HiienlifU PtoducUvtty. Uilpublishcd 
paper; D ). de Solla Price,"Cittition Measuresof HaiM Science^ 
Soft Science, Technology and Nonscience/' in ConwtuniaiUons 
Amou}: .sV/r«/].s/s«Mi/ Ln^iineer^i, C.E, Nelson aiid D. I\)Ilack (ods.) 
(Lexington, Mass.: D.C. Heath and Co.), pp. 3-22, 

Keith I\wilt, "Te(;hnlcal Effort and tcomimic Perfor- 
mance: Some International Comparisons" (in preparation). 



.1^ 



provide amplef us tifica Hon fortheca^u 
of p^ftent statistics in«(;oTiomic^anal5|fi9 
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. . . ..Weaktiesseft of Pditent Counts 41s U ' 
^ ' Output Indici|tors ' # \ 

Tlje tendency of^a company or aiv^ifidustry 
.-refraip from patenting its inventions ^nay affect 
the Validity 'of patent counts as a iT)easijre o\ the. 
inventions ^produce^fl fn, industry, (generally,; 
company policy, with I'espect toMitve^^tions is 
reflecte<^\in the balance between relianie*by the 
company on trji de berets and its dependence on 
R^tents. f\ number of factor? rA^y favor reliance 

^♦|,on {idltede s^cr^ts. A company has \q decide ' 
" whej^htr the u^e*of^the matter (^isclosed Ijy a. 

^ pateht^an b^ policefd, whether adeqiiate claims 
can beobtained,\and whether the litigation costs 
Nare worth the gain. Another {pertinent considera- 
tion is thai trade secrets;.if ih^^y can begua/ded, 
are a means of gainirtg 'e:>ctlusivity quickly, 
especially in fields'-oiP rapid tecVmicaj changeT 
without disclosing the new technology. In such 
cases, the technology may be obsolete before a 
patent can be obtained. Some research findings 
suggest'that trade secrets are especially impor- 
tant for^ocess patents because it is difficult to 
protect processes from imitation even with 
patent protection.^* 

There are also some differences in the"prot)en- 
sity to patent" between different industries, ^his 

- - propehifity is highest in industries in which a' 
technical advance can very easily be copied by 
competitors without much incjependentdevelop*. 
ment work; an example is thjedrug industry. The 
, propensity to patent is lovyest in industries in 
which technical advances can be copied only with 
• great difficulty and with much independent 
design and development lasting many years^oVjn 
•which Government contracts play a large role. In 
such cases,* technical leadership may often be 
maintained without strong patent protection. In . 
other cases, differences in the patentability of 
technical developments may seriously affect 
comparisons between industries. For example, in 
the computer industry advartces in hardware are 
usually patentable, byt those in software are 

not.*'*' * . ' : L. 

M/ DevilopmmU A Revieiv /aper. UNESCO, 196Q, p. 23. The 
report Utilization of Sctenfrfic Literature hy L/.S. Patents (Cherry HilL 
NJ.i CompiiterHorizonsJnc.,November30, 1978), discusses 
ti different way of Rising patent information. The citations 
from recent patents to the -scientific journal literature are 
analyzed to determine citation patterns. 

T.H. Noone^ "Trade Secret vs. Patent Protections/' 
Research Man(iSemen}. vol. 21 (May 1978). pp. 21--24. 

C. ItreemAnf Mea$urmvnt of Output of R(seiiri h timl Exfur^^^^ 
M/ Development: A Review hiper, UNHSCO, 1^60, p. 22. 



Other factors may favor paten tinjjL^owev^er, 
Once a^trade secret is ni'ade pul^lic, iffs generally 
no longer protectable. *A confidential disclosure 
of a tVadesecretis more difficultto protect legally 
than'a patei^^ifclf a firm does not control the 
complefrient#y tesoQrces necessary to carry th^ 
invention wrward to ,comn>erciallzalipn, the 
propensityJp3>atent will alsd be increased. A 
pompany 0nt\b\ negotiate with another organ- 
izajtipn foT venture capital without disclosing 
wh^t technQlogy it plans tojpxplqit, and it cannot 
do tnis without^Tpp^ying for patent prptectibn. 
^l^W7-smalUipm9^nd4ndividti^ mV e ntors b <^v 



.higher pfopensity to patent than do large f irnt;5 of 
firms that dpminatei^ particular areapt te'chnolo--* 

A number 6r\additional points can be made 
about the limitations of pat€?n t counts when used 
as output indicators: ^ 

1. Patent statistics do not separate ortgination 
from development. A brilliant idea or concept 
u contained in A single palent may be a more 
significant inventiv'e output than are subse- 
quent patents that develop the initial idea. 
The latter inventions may simply modify or 
slightly improve the original concept'.^^ Since 
' patents differ in their technical significance, 
the use of patent statijjtics ejnibodlies the, 
jumption that m.ore^ liignifit^'ant ni>a,l(;ss 



assi 



2. 



significajit patents are evenly distributed. 
Competition tan induce; firms .to a^uir* 
patents on inventions that the ownerha? no 
intention of usitig. Of cbursp/ it is'in;>possibIe 
to know from the fJatent docurn^t vyhether 
it was obtained fop.protection in W^rirnercial 
use or whether it was pbtained to ^tablish Or 
to protect a patent' position, fpr reasons of 
prestige, to reward an empfoyee, or for some 
other noncommercial motive. However, 
some patents that are not used commerci#illy 
serve to defend patents that are used/or ar^ 
used by the ow.riers in bargaining with 
competitors, and therefore ore still valuable 
to their owners. 

Patents owned by the Government and 
patents resulting from Governmenf- 
financed R&D/ whether owned by Govern- 
ment employee inventors or by private- 
contractors, have a much lower incidence of 
commercial u^ than patents arising from^ 
private R&D. For patents arising frpm 
Government-financed R&D^ the rate of 
• commercial uSe appears to be between 7 ajgd 



).E.S. Parkej , '/Vn* Ecoujoniiis of ItimnHiiioti: I he Ntitumal ami 
MultiuuhomI Ltiterpri^eiu Teihnolo^iitnl Chuitj^e (Londo!i: Lon>>man 
Group, Ltd., 1P74), pp. 33-3'!. 



13 perciMit, This percentAgeuompare» with a 
rate of commerd{il utili/.atioi/for patents 
Aiismg from private R&D money of about 50 

percenti**'\^ > 
4.* In jidditlon.totne fact that patent statisticsdo 
not distinguish ifVajor from trivial 
technological advance^SMP^^^^^^ statistics do 
not take note of the varying ecc^l^omicquality 
of inventions, Tbt economic value of a 
patented invention only materiali2?es after 
Innovation Sakes place, ^nd innovation is 
i nexrtricably linked with n\arket f orces. Some 
argue thdt the economic pot&rrtuil ofmany/iT 
not most, patented invention^ is conjec- 
tural.*'/ 

The various successful uses of pa tent statistics 
sKovv thapKeir limitations and drawbacks do not 
prevent trveir^beingySed effectively. Still, these 
limitations must be taken seriously. Because of 
thrtn,eaVh specific useofpatent statistics must be 
examined to see^ihat the limitations do- not 
compromise the validity of the conclusions being 
dr^fwn. This situation commonly arises in using 
output indicatc5rs. 

Inventors ai;id Owners of Inventions Patented in 
the United States 

The rate of domestic patenting by American 
inventors generally increased from 1960 to the 
•ea9yljr970's (figure 4-11) but it has shown a 
steady decline fo:om 1^71 to 1977.7^ Foreign 
patenting in the United States increased more 



• ' Donald S. Wcil5on. Harold F. Bright. and Af lluir E. Buri\s, 
"Federal Patent Policies in Coiiijracts for Iios?earch and 
Developnicht/' PMent. Trademark, ami Cofiyri\^ht loitrmil. vol 4 
(Winter \^tO), p. 342; Richard I.. Sandor, "The Commercial 
Value of I'^ited Inventionfs," W*<i. voUl5 (Winter 1971-72). 
pp. SSy-vScO; Mary A. Holman, 'Concentration. Monopoly, 
and Econ'oniic Control." The Politual Eamomyoj ihd^inuc Proj^ram 
(Pak) Alto. Calif: Pacific Books. 1974). p. 299; and W. Solo. 
""Parent Policy fortovernnient^-Sponsored R&D". v^ol. 10 
(Summer 1966), pp. 143-206. ' 

Simon Kuznets, "Inventive Activity: Problems of 
Definition and Measurement," in The Rate ami Dir,eiiiof\ oj 
Itwenfive Aittvity: LaUwmu ami Siuuil frt(/t»ji. (Priiueton: 
Princeton UnlvWsity Press. 1962), pp. 19-43. 
• ?j VVHen a p.ttent is gnmted. A certain individual or j^roupof 
individuals is designated as. the inventor. Ordinarily, <m 
Owner (or "assignee") Is also designated. This cAn be the 
inventor, especially ifheorsheisself-Omployed.Othe^se.it 
may be the employee's corporation'that has the contractual 
right to the inventidh or the Government agency that 
supported the research at a university or in industry, or 
perhaps a financial backer to whom the inv^iHir assigns the 
rights. The addresses of the inventor and the owner are bo|h''- 
filed with, tlie parent. The patenting by various foreign 
countries in various product fields is discussed in the chapter 
on lntei:hational Science and Technblogy. 




Steadily, and at the?ame time increased ifs share „ 
of total U.S. patenting frorh 16 percent in 1960 to 
36 percent in 1977. A more extensive discussion 
of foreign patenting in the United States can be 
found in the international chapter. 

Thedecline in patenting by U.S. inventors since 
1971 ha« several possible causes. From figure 4- 
12 it is e>?ident that this drop is mainly related to 
patenting by^ persons .^employed in U.S. cor- 
porations. A possible reason is that in vent ions are 
notv.needed as much as they once were because 
many inventions made in the 1960's remain to be 
exploited commercially .before any new ones are 
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needed; or Ihh*ui'HO lowei pto(\\ margins have 
made i(» lunattrai live to expand product lines 
. iKrough new in vent ions, ^ Another possible 
explanation is that industry has a larj^e commit- 

' menl [\\ capital to existing products and processVy 
and is not lookmg for Av.\ys toVhange them. Or, 
U.S. corporations may be lesa inclined to patept 
their inventions ai>cJ may be depending more on 

' trade secrets. Some industries may beci)ntrolling " 

the costs .of 'obtaining patents by' screening 
• pa ten table ideas mftre severely. If true, this would 
imply thiU the quality and eci^nomic promise of 

" ThF 'mVCWton^ 1 h^r^ i1ij""p;^ 1 eni is 1 nTrea s mg: ' 
However, these t^utors operate to different 
extents in the various product .fields/ Since ihe 
dn^p in patenting after 1071 is seen irv^almost all 
product fields/ » it does not 3eem to be primarily 
attrtbufa'bK! t-^^iny of these factors but may-well 
indicate a divf^ease in the rate of production of 
invenljDns m U.S. industry. 

Figure ^12 shows the patents due to U.S. 
inventors, divided according to then owners or 
assignees.-*^ In 1077, 71 pcicent of all patents 
were assigned to U.S. corporations.^^' 1 heannual 
lunnber of granted, patents owned by cor- 
porations has been decreasing in recejit years; it 
declined 27 percent from 1971 to 1077. Individual 
owners and the Government hav<;» not experienc- 
ed the decline of patenting that occurred in 

* corporate industry. 

Ptitcnt Grants by Field of Invention 
» • 

The Patent Office has a classification system 
whereby any patent issued in the United States is 
placed within oneof 95,000 pc>ssible classes on the 
basis of the type of device, material, or process 
that is being patented. In addition, each patent is 
cross-referenced. to as many other Patent Office 
dasses^as are judged to be pertinent to the subject 
matter of the patent. The Patent Office classes 



'US. Patent and Irtuifmark Office, Off u\»orV^hnolo>»y 
AsscssnuMi! ami foreiast, huiutitors of tin- Putntt Output oj [i s. 
Industry III (1^0.^-771, ]\i\\v IP7t^. Thert» ari» some important 

options, t».>» ,.in the pr^H^uct fields related !o chenucals, 
.drugs, and aircraft. 

Some patents a^e iissij>ned toownersaftertfie>;rantdate 
i>p are transferred from onv owner to another. Siiili 
transactions are iu>t captured in the present data, f lowever, 
recent studies have shown that fewer than I percent of all 
patents chan|i»e owners, and fewer than J< percent of 
iinassigned patcyxts are later assigned ^See ).F. O'f^ryon, *'A 
Urofileof UsorH of the U.S. Patent System: 1968 and 1 073." 
M.^j. Dissertation, Massacluisetts histitute of Technology, 
(unpiibhshed). August 197'5. • 

• <• This sWare was mainly Composed of patents taken out by 
employees of those companies, but it also i;Kluded some, 
mventions created by private individuals and sold to 
corporations before the patents issued. 
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correspond to structural elements of tlve devices 
and materials invented and to their' process of 
preparation, regardless of the field of technology 
to which they apply. Hence, patent counts 
distributed according to this system are not 
suitable for the study of patenting activity in 
various areas of technology. 

For this reason, the Patent Office, with NSF 
sponsorship, has developed a concordance rfiiat 
relates the Patent Office Classification (^BC) 
system to the Standard Industrial CLissification 
(SIC). The SIC is divided for this puVpose into 55 
technology groups, and each Patent Of flceclass is' 
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correlated with one or more of these groups. An 
SIC group is assigned to a Patent Office class 
according to the j^udgment of Patent Office 
personnel as to the type of establlshmerrt that 
would be engaged In producing the product or 
apparatus encompassing the structural features 
represented by that patent classification ok In 
carrying out the process steps IncKided In the 
patent classification.^^ The classes of patents 
produced by this concordance correspoivj ap- 
pr/:)ximately to the product fields treated earlier 
In this chapter.7» ^ 



' •'^ Tf(htiolo\i\f'Aiistsmfniatui F<)rrni.W:6f/i l\r;»prf, U.S. Patent and 
Trademark Office, OffUb of Tecbnology Assensmenl and 
Torecasl, 1976. p. 198 ' * ' . 

The concordance allots more than oiw SIC group to some 
Patent Office classes. The result is thai when riieconctVdance 
is applied to the patents granted In a certain year, some patents 
will falhinto mone than one SIC group, and thereby will l\e 
counted mote than once. This multiple counting leads to 
difficulties vvhen patent counts in SIC groups at lower levels 
of aggregation are added to makeup a higher-level SIC group, 
or when the highest level SIC groups are combined to show 
the total patenting for some year, A patent can be counted 
more than once in the various subgroups, but in the higher 
level group it will be counted only once. Hence, such additions 
will not work in general. 



The patenting In the various product fields can 
be studied In terras of the distribution of patent 
ownership. Corporations, private individuals, 
and the Government own different shares of the 
patents In the various fields because of important 
dlf fet-ences between the technologies themselves 
and between the objectives and capabilities of 
these three classes of owners. Patent counts by 
individual product field are described in table 4- 
87^ In the areas of highest corporate ownership, 
corporations hold nearly all the paten ts--over 90 ' 
percent. All fivoof tlie highest areas In 1977 are - 
n-ehrted^o^hemieds^feH^iei^in^his^Ghapter^i^ 
looted that the' chemical Industry is particularly 
R&D-l;itenslve, that it suJ)ports an exceptit)nally 
f>igh level of basic research, and that applied 



These data are obtained by applying the concordance to 
patent counts, dit^tributed accordii\g to the 1\i tent Office 
classif icati^V in such a way that each pateilt Is identified by its 
one principal POCcla89{its"originalreference")only. It isalso ^ 
possible to count each patent under all of its cross-referenced 
POC classes This method would lead to counts and 
distributions, in terms of the Standard Industrial Classifica- 
tion, slightly different from those in this chapter. 
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research and d<fvelopment in the chemicals 
product field receiv%An exceptionally high share 
of their support from indi^stry rather than from 
'the Government. v 

FromAl967'll) 1977, industry's share of 
patenting in agricultural chemicals increased, 
accompanying an increase in total patentjiig in 
this product field^(see Appendix table 4-20). This * 
ifkay be due to the increasing importance of 
pre-emergence herbicides and ' growth 
regulators. • , , 

The fields of relatively low corporate 
owTiersHlpst^ 

of such ownership. The percentages ^rpppcd 
frc>m.l967 tp 1977,^whii:h is consistent with the 
overall decline in cor|f)orate ownership, asHom- 
pared with the other sectors (table 4-8). These 
fields are related M machinery Or transportation. 
The interest of the Government and individuals 
in patenting in th^sjp product areas is also shown 
in table 4-8. 

GcA^ernment owrtt?rshipof U.S. patents shows 
an obvious concentration in military and space 
product fields that is consistent with theconcen- ■ 
tration of the Government's R&D support in 
these areas, seen earlier in this ch^apter (figure 4- 
10). Federal s.upport.fqr R&D is al^o,high in the 
aircraft product field, although few of the 
resulting patents are granted to the Government. 
i liable 4-9 shows the product fields in which 
patenting has increased or decreased the most 




over the period from 1967 to 1977. For all product 
fieldstaken together, th^re was Al9-{)ercentdrop 
in patenting (Appendix table 4-20). However, a 
few fields shovO^ed substantial gains. These were 
in areas related to chemipals and to aircraft. Most 
of the large decreases were in areas related to 
.electrical or nonelectrical machinery. 

r ' ' «. 

t 

Overview ^ * 

* A number of inv^^stigatoj^s have shown that 
phteiYt counts are useful in thbstudyof individual 
industries . An espe cially i mportant stully rela ted 
patented inventions to ci^pital goods output and 
thereby argued that inventivp activity in some 
ilidustries is demand-induced. Some considera- 
tions limrt the utility of patent coi!ints as output 
indicators. Individual patents vary greatly in tlieir 
technicxil and economic significancej^uchof ^he 
R&D supported \?y the Governmentyoes not lelid 
to patents, and mai?y of the patents that do result 
are never Worked commercially. \ ^ 

The number of patents granted annually to 
American inventors generally increased from 
19.60 to the early 1970's, but showed a steady 
dechne from 1971 to 1977. This decline was in 
patents owned by U.S. corporations and^eems to 
indicate an- actual decrease in the rate in which 
these corporations are producing inventions. 
However, patents owned 'by the U.S. Govern- 
ment and U.S. individuals did not decrease in 
number. The drop in U.S. corporate iwventions 
may be due to inventions crei^ted in the 1960's 
that have not yet been exploited commercially 
and constitute a backlog that makes new inven- 
tions ^ess attractive. A large commitment of 
capital to existing products and processes may 
also reduce interest in new inventions. Reliance 
on trade^ecrets, which the patent data would not 
show, may be increasing. However, the 
wholesale decreas^ in corporate patenting across 
almost all product fields suggests a genuine 
decline in industry's production of inventions 
during the 1970's. 

JU.S. corporations hold the il^ajor share of all 
U.S. patents and are particularly dominant in the 
chemical technologies. These technologies re- 
quire particularly high levels of investment. aini 
technical ability in order to produce new inven- 
tions. They are also technical areas in which high 
levelsbf corporate basic research produc^ results 
that are moved alonfr through company- 
sufi|^rted applied research and development to 
commercial application. Governmfent-owned 
patents are rpainly in ordnance and space technol- 
ogy. . 
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tFnXTS OF B&D FUNDING 

The economic returns from industrial R&D 
.(lul innosMtion are important enough lo be 
treated in a chapter- On industrial R&D eveii 
llfouy\h. in the present state of knowledge, very y 

^ few ^|uantitative indicatiy s can,be*pVesented, In 
placeof aset t>f indicalorb, the results repcM'tecJin ^ 
the most recent literature will be summarized. 
"Phe economic and social results of industrial 
K&D are importiant because, in j^rinciple, they 
should provide the ultimate output indicators. 

T"Ke XJrSV~R^T7 enTr»"r^^^ 

part by way of iho technNJ|.>^ical improvemenlh 
that it promot(^s in HJ.S. industry. Output 
incticators*are needed to measure no"t only th^^se 
technical impi;twements but, beyond theSe, the 
economic and other benefits they bring to society. 
Sf)p1e work has been do^e on the^rate of ; 
production of technologic^il innovations in in- 
dustry^as an iiulkator 01^4^ output of industrial 
R&D,**^^ The econbmic benef^if a^^e discussed 
below. The noneconomic benefits to the^ public 
present an especially difficult problem. They have^ 
not yet been defined adequatefy, and nosatisfac- 
tory method of measurement currently exists. 

Recent research has reinforced e^'lier find- 
ings that tKr contribution of R&D to economic " 
growth and productivity is high, hi addition, the 
research on industrial R&D suggests the con- 
tributions differ by industry and by source of 
funding (e.g.. Government versus privattf Also, 
the research shows that the economic benefits to, 
society exceed substantially the returns received 
by the firms producing the R&D qutputs. 
However, many problems rem^iin in measure- 
ment and modeling. . 

A well-known investigation of long-term U.S. 
economic performance has indicated that aljout 
34 percent of measurable U.S. economic growth 
b^^tween 1948 and 1969 derived fronj actvancspsin 
^Jkj^owledge.»2 This computation does not take 
anVo account improvements not measured by 



, ; ')7t\ Njtion.il SciiMU'c* Hoard (NSI5 



S(*v Scivmi' Ituiiditors' 
'77-1). pp. 115-125. 

^' lor 0 ^iMUMol review of this problem and^f .iltymptod 
solutions, see M G. Hoylan, " T he Sources' ih TecKofp^fT 
InnovtUiohs," in Belo Cold (ed ), Ri'x'Um /l TvifmS^Ut)! C/iiiM,\»r. 
i\iul L(^)twmi( /\Mii/y.sjs (Loxin>>ton, Mass.: Lexington Books, 
1976). ^ . ' \ 

tdward F, Denison, Aaountin;^^ for Uuifni Slater hivwmu 
Ctowth, }929 190^ (Washington, l!),CVThe Brookings 
Institution, 1574),p. 12ft. FJsmk?l|^it hasbSk^^ 
technological in novation was resijVinsibIc percent of the 
Nation's economic growth between 1^29 Ad 19^^ ^oe B. 
Anckor-lohnson and Q.B. Chang. US. 1 Poluy: A Draft 

Study, U.S. Dep*utment of Commerce, March 1977. 



national Income accounting techniquas. Ex- 
amples of thes^exclusiiMis are major qualitative 
changen m products (e.g., computer perform- 
ance) qf developments of new fqrmi^ x>f business 
organizaMon (e.g., self-service stores and super 
markets in retail trade). 

A recent study of selected U.S. industries 
shijws a strong tissociation between the ratios of 
their R&D spending to sales and their growth of 
labor productivity and output. The results of that 
study (table 4-10) show that industries thrft have 
high R&D-to-sales ratios (e.g., chemicals, elec- 
-^rtenftmejLvtHery^wpeftenee^ubs:t*fvtia^Hy4^i^ — 
growth of productivity and output than in- 
dustries thtit have lovv ratios (e.g., textiles). «Mn 
addition, c\ther empirical research studies 'have ^ 
demonstrated substantial .increases "in output 
associated wi^h ^expenditures for R&D aftetij<«^" 
allowing for increased inputs of^ labor and 



However, su^h studies cannot demonstrale th«U hi^h 
ratios of \^S^D expenditures to saks\(iMsr thebe benefits. 
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capital.^* ThcHO btiulioB show $v^0 to $50 
Increases iivannual output associated with a $100 ^ 
investment in R&D. 'These findipgs come from ^ 
studtes of * chemtcals; petroleum refining, and 
agriculture. ' 

Other studiesof individual product and process 
innovations indicate a high, but highJ)k^ariabU\ 
average return from the development'of new or 
improved technologies by firms. Results from a 
nymbpr of recent attempts to measure the 
returns to the innovating firms from their 
expenditure's to develop new or improved^ 
— prc\dticts-ot^troce»se» sht>v^^^lwt7^l^ 
firms earned 25- to 35-percent returns for each' 
sample of such investments sjtudied.**^ These 
rates ttf earnings are higher thcti> average rates of 
re'turns from other types of investmentxnitlay. 
However, the results of tlie available studies ab^^ 
show that'in a substantial fractiop of the cases' 
studied the firms earned little or no ieturn from . 
their investment in technologiv/il innovation. 
This high variabihty in returns suggests a large 
degree of uncert^ainty ih predicting the likely 
profitability of investment in R&D. *^ 
. Investments in R&D not only result in greater 
pnxluctivity and output for th% firms developing 
th^ new or improved technology, but for the 
bi^er$ as v^elh Thisdif fusion of benefits has been 
noted especially for machinery (e.gv computers, 
el<?ctrical generating equipment) andVor 
materials (e.g., plastics) or compoi]ents (e.g., 
semiconductors). OnereGentattempt toquantify 
these Benefits estimated that for manufacturing 
^luring the 19e^Q's, the average productivHy- 
returns to R&D condud^ed in an industry 
amounted tcS about 30 pA-cent per year; the ' 
benefits accruing to firms purchasing from the 
producers of teohm^lo^ical innovations \yere 
about 50 percentc*^^^ Another study of 17 modest 
• t^hnological innov^itions showed that more 
than half of the measurable economic returns 



fropi these innovations went to the buyers and 
users. ^^'-^ 

All of the above findings relate to spending by 
private firms and do not include Government 
expenditures for R&D. Estiipatesof returns from 
Government-funded R&D are generally un- 
reliable and have not produced acceptable 
statistically significant resu!ts.^« One major 
difficulty in attempting to assess such a relation- 
ship is that Federal R&D spending is concentrated 

Jfin industries whose products are subject to a high 
rate of technological change which is difficult to 
measure. Another is that therp is generally no" 

.competitive market price by which to.mea^ire 
the value of the products resulting fromGofvern- 

^men\ R&D. \ ■ ^ 

There-ar^ a number qf difficulties in obtaining a 
morc^precise measirrement of thecorjjributionof 
R&D and technological'innovation to economic 
progress, Sinco it is currently impossible to 
measui^ fully changes in the quality of goOdsand 
services produced, there is fih way' to assess 
properly ^the influence of 'new or 'improved 
• technology J>n quality. However, there is good 
reason to believ^e that if qualitative factors were 
/included, the measured returns would be 
higher ***^ Second, there is the problem of tracing 
the technology's contribution to economic 
progress. Bringingout new or improved products 
and production processes involves a number of 
complex, interrelated tasks. Third, thereis a lack 
of information and technique to measure, assess, 
and properly adjust productivity figure* for the 
change in the level of harmful ^byproducts of 
technology |hat result from R&D activity 

Thus, thet:e is persuasive empirical evidence 
(although surrounded by significant liiftitations) 
that R&D and technological innovation have had 
a significant positive effect on economic growth 
and productivity increase in the United States. 



i '*^*F(>i ti summ.iry .ind .isscbsnuMrt of these bliuiios, bee 
4f\rsniri/i (itui Orvclvprncul and Uoiumtc Cfriuv^h/Proilmtivily: Pnpets 
.SmUVroaCiiinji!i of a G)//i)j/uii</«, N.ii^ion.il Scieiue Kound.ition 
(NSF 72-3t)3). 

•^"^ Edwin MiU^sfield, tf n/., "Sociol IVivate R.Ues of 
Return from lndustri.il lnnoviUiV>ns/' Quarterly jourmil ol 
hotwmn>. vol. 91 (Moy 1977). pp. 2^1-240; Gr.ibowskI and 
Mueller, "R.iles of Return on Corporate Investment," \97 
(unpublished manuscript); ).imes Tewskbury,r/ii/,, Net Rnk/f^f 
« Ke/MrHOM/MMm'ii/Mm^lVViishinRton, Foster Ass(Ki.UeS; Inc.; 
1978). John Beyer, et nl, Nvl Raks of Rt-htrn ofj /nni't'u/mus; 
(Washington, D.C.: Robert R. Nathan Associates, Inc., 1978). 

Nestor E TeMeckyj, "Effects of R&Don thePraductivity 
iirowth of huKistries: An Exploratory Study," (Washington, 
D C" ; National Planning Association, 1974). \^ 




^" F.dwin' Mansfield, ct u/.. "Social and Private Uah»s of 
Return from Industrial lluiovations," Quarterly joutiuil of 
f.n)M()»wi>. vol. 91 (May 1977). pp, 221-240. 

Michael Evans, Titv Liouomk ]miuu tot NASA Ri-'DStiCtuflnji. '' 
(Bala C ynwyd. Pa.: Chase Econometric Associates, 197c); 
NASA /\r/'(j»/ May (lt»rrs/(i/r tlw Lamomu Vim-fits of Rviivitrili ami 
fViY/();»mnj/S;»ni»fiM,\j. U.S. General Accounting Office, October 
1977; Zvi Ci ilithes, "Returns to Rese\irch iVnd Development 
Expejuiitures in the Private Sector," paper presented at the 
C onference on Research in Income and Wealth, National 
IJureati of Economic Research, Washington, D.C]., 1975 

For a summary and assessment of these studies, see 
/\i'inih/i twd Di'Vi'loimn\t and Liouomh Growth/ Produitivtt}/, Papvn, 
ami Proicedttij^s of a C allot} uium, National Science Foundation 
(NSF 72^303), p. 3. ' " 
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Scientific and Engineering Personnel 



INDICATOR HIGHLIGHTS 



t The utilization level of scientists a^d 
engineers (S/F.'s) is improving when com- 
pared with ^he growth of total U.S. employ- 
nlont and thc^ loV\»l of eeonomicac'tivity. (See 
-pp71T2m3:7-^ ^ ^ ^ 

On As the economy recovered fron\ a recession ^ 
betvvefo 1^74 and 197b, employmentofS/E's 
increased at a faster rate than g^ntral 
ecoiTvMnic activity or tola! employment hi^ 
coiVtrast, over the 1970-74 period, employ-^ 
meI^( of S/E's grQ,w mpre'slowly than ^iS^ieral 
economic indicators. (Sel? p. 113.) 

□ : About threes-fifths of all S/E's were employed 

in private industry in 1976. However, a^ 
. declining ratioofS/E's to tttial support staff in 
^ selected industries s\^gests that the relative 
lu^ed for S/E's in tl^e industries nviy be 
declining. (See pp. ilS-ll'l.) 

i a Available labor market indicators suggest 
that the supply of scientists Is more than 
-ample to satisfy the current denfiand in most 
occupational fields and that, the demand for 
engineer^ is tn rough balance with the 
available supply. (See pp. 118-123.) 

' □ Projections developed by the National Sci- ^ 
ence Foundation and others indicate that the 
supply of S/E's in most fields will be more 
tfian adequate to meet anticipated demands 
through the J980's. (See pp. 123-125.) 

□ Questions have recently been raised con- 
cerning a decline in the quality of the S/E 

. work force. These questions are difficult to 
answer, sinci4ithe'reare nc^difect measuresof 
wor^l force, quality. ^However, two related 
measures suggest that thequality of SjJE's haii 
not decreased: experienced S/E'econtn^uean 
ilndiminished participation in training pro- 
grams; and test scores for prospective S/E 
graduate students on both the verbal and 
quantitative components of the Graduate 
Record Examination remain high and'^ un- 
changed, both absolutely a-ncl relative to 
nonscience fieldsr(3ce pp. 125-129.) 

o ' Recetit employiVient of doctoral level S/E's 
has increased at a faster ratc^; than total^/E 
employment, and by this measure thequality 



of the S/E work force is Increasing. (See p, 
126,) / ^ . 

In the context of science and Engineering 
nrarkets,^ equity can be interpreted with 
^ respect to ernployment and sah^fy practices 
for individuals of comparable skills. Dis- 
parities in labor market variables l\erween 
men and women; and between racial 
iminorities and ,others, can be indicators of 
inequity. However, such indicators, alone 
may not be sufficient to warrant the l^i- 
ference of Inequity because these disparities 
may also bedue todif ferences inoccupational 
prefeVenCes, age, work experience, and other 
such factors. (See p^. 129-.130,) 

Although the employment of women in 
. science and engineering has been increasing - 
at a fairly rapid rate (12 percent between 1974 
and 1976 compared to a Jlpetxent increase for^ 
men), women are still underrepresented^in 
science and engineering. While*' women * 
' constituted abdut 8 percent of all employed 
S/E^in'l976(l 97,200), about 40percentof all 
employed persons were women. (Seep. 131 .) 

Both the number and prOpyirtion of women 
V receiving degrees in science and engineering | 
' have increased significantly. At the doctoral / 
level, the number of degrees in sciencesand ^ 
engineering Awarded to women increased by 
about 90 percent (about 1,500) between 1970 
and 19'^7, and almost 20 percQnt (about 500) 
between 1974 and 1977. Amgng men, the 
number of degrees awarded dt^clined by 11. 
percent (about 1,800) over the 1970-77 
period, and abouf9 percent (almost 1,500) 
.' between 1974 and 1977. . (See pp.- 1^3-134,) 

The number xif employed minority group 
mergbers in scienceand engineering (98,200) 
represented 4.1 percent of the total in 1976. 
Over 40 percept of the empK%ed S/E 
minorities were of* Asian extraction, with 
blacks repr(;scpting an additional 34 percent. 
Since 1970, Kowever, minorities *have con- 
tinued to be underrepresented in scjence and 
engineering>aboutn percent of all employed 
persons are members of racial minority 
groups. (See pp. 134-130.) 
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a Employment of minorities in science and 
englneerii^R has been increasing at a faster 
rate than for whites. Among doctoral level 
S/r/S; for example, employment of ljUcks 
\ increased by 35\percent (up 700) between 
1 and 1 077, whije the increase for thoseof 
Abian extraction was about 70 percent, or 
O;300. Tho comparable increase for whites 

s ■ 

• S. - 



el ' a 



was £6 percent, or 52,600. (See pp. 135-136.) 

Blacks continue to be underrepresenled in- 
scierfce and engineering, since in 1970 they 
represented about 9 percent of all employed 
per/ons but only about 1.4 percent (33,000) 
of the employed doctoral-levol scientists <ind 
engineers.^See Appendix .table ^-v^.) 
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"^fe^^ching as their primary *work activity and 
r^^^arcKas a secondary activity . Readers wishing 

, to understand the indicators and their limitations 
more fully are ufged to consult the primary data 
sources listed in^the appropriate references apd 
Appendrx tables. Finally, no single indicator can 
adequat^y describe the current status or eyen a 
major aspect of t^jp S/E personnel scene. Thus, 
conclusions should generally not be based on 
^iiij^tfe Indicators, but .rather on a series of 
indicators grouped under each majot theme. 
Estimates of the nifmber of scientists and 

' engineers in th# UnitedStates are derfved by 



tlon engaged in R&D and the number working 
outside of science and engineering. The In- 
dicators do not includeim^tiMeAsment of the leyjel < 

of scientific and technical (S&V) activity becauste \ 

therje is no consensus on what constitutes an 

adequate level of such activity. In principle, the 
current S/E workforcaprobablyls not adequate, 
sinc^there are many worthwhile S&T activities 
thftfTcould be carried out If both the financial and 
'me personnel resources were available. 

Assessment of the current supply of Scientists . , 
*and engineers can be based on such empirical 
evidence as unemployment rates, while pr6)ec 



integrating elements from several sources 
representing the following three groups: 

Group 1 — Experienced scientists and 
engineers (excluding holders of doctorates), 
defined, first, ns having worked as a scientist 
or engineer or in a related occupation, at the 
time of the 1^70 Decennial Censys of 
Population; second, must have passed two of 
the following three criteria to have been 
included in estlQiates subsequent to,1970: (a) 
occupation in scleoce or engineering, (b) 
highest degr^ held in scien\!eor engineering, 
(c) professional identification as scientist or 
engineer." 

Group 2 — New entrapts to science and 
engineering, defined as having received, 
after 1970, a master's degree in mathematics, 
biological science, psychology, economics, 
sociology, or other social science; or held a 
bachelor's degree in any of these fields and 
was employed in S/E; or held a baccalaureate 
i;i any of the other S/E fields. 

Group 3 — Doctoral scientists and engineers, 
defined as having received a doctorate in 
science or engineering, or having received a 
dlVctorate in non-S/E fields but employed in 
an S/E position. 



SUPPLY AND UTILIZATION 

This section dealjs? with the current utilization 
ojF scientists' and engineers, and the projected 
, utilization and supply of scientists ^rtd jjngini&ers. 

Several indicators can be used to assess, in 
normative terms, the adequacy of current 
utilization patterns of S/E's. These include 
comparisons of S/E employment with thegrowth 
of total U.S. employment and economic activity, 
the priority of scientific and technical activities in 
industry as measured by the ratiosof S/E'fe to total 
industrial support staff,andtfieworkactivitiesof 
S/E's~especiaily data on the number and propor- 



tions or the future supply of S/E s are related to 
anticipated requirements. ^ 

The following indicators suggest that S/E 
utilization isrisin|j|visavis total U.S. empk)yment 
and total economic^ctivity. The employment of 
S/E's in R&D, however, has not kept pace with the 
increases in total S/E employment. Private 
industry seems to be devoting a declining 
proportion of its human resources to scientific 
and' technological activities. It appears that the 
current number of scientists Is more than 
adequate to meet demand, but that requirements 
for engineers equal, or exceed somewhat, the 
current supply. NSF and others projejct that the 
aggregate future supply of S/E's will generally be 
adequate to meet anticipated requirements 
through the 1980's. 

Comparisons of S/E employment with other 
employment trends and with changes in national 
economic indicators are useful in that fhey can, 
reflect whether de facto national priorities are^ 

# changing. However, such comparisons cannot 
determine whether national priorities are "cor- 
rect." If S/E employment increases le^s rapidly 
than total employment ot other economic 

7 indicators, the comparison suggests that society 
is giving higher priority to nonscientific activities 
at the expense of scientific ones. If S/E employ- 
ment increases less rapidly than national 
economic indicators, a possible explanation tobe 
explored is whether or not the productivity of 
scientific and engineering work is increasing. 

Crowth in S/E Employment 

From 1970 to 1976, employment of scientists 
and engineers grew at about the same r^te as 
overall economic activity and more rapidly than 
total employment. During this period, employ- 
ment 6f S/E's increased at an average annujil rate 
of 2.7 percent (6.2 percent for scientists and 0.4 
percent for engineers), while total employment 
increased only 1.9 percent per year. Real gross 
national product— another indicator of overall 
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economic activity— increased at an average 
annual rate of 2.9 percent (fig>ire 5-1). The 
relatively rapid growip in scientific employment 
was strongly iafluenc^d by the rapid growth in 
employment o( social scientists (including psy- 

♦ chologists) and of compu ter specialis ts; these two 
groups accounted for approximately 60 percent 
of the gr9>vth in scientific employment over the 

' 1970-76 period. » 

Excluding the social scientists and computer 
specialists, scientific employn\ent increased at an 
average annual rate of 4.1 percent/^hile 

comb ine d S/E employment incease d by 15 

percent per year. This combined scientist an^ 

# engineer entpl(fj^ment growth rate is below t^ose 
recorded for total employment and overall 
economic activity over the 1970-77 period. 



Figure 5-1 

Average annual percent Increases In science 
and englpeering employment and In other 
economic and manpower variables: 1950-76 

(Percent) ' 
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* Excludts dati for piychologlils, social icientisls. ind computer jpKialists. 

' Nonfarm wagt ind saliiy worhtri. 

*Qio!S ntliOMi product (m constant 1972 dollars). 

llfFERtNCt, Appendix table 51. Science lndlcitois^l978 



Employment of S/E's reached almost 2.4 
million in 1976/ about 5.7 percent above 1974 
levels^ I (see Appendix table* ^-2). Scientific 
employmmt in this period grew significantly 
faster than engineering employ ment/9. 7 percent 
and C.3 percent, respectively,, continuing a 
general trend since the 1950's. The s\pwer 
growth of the number of engineers employed; 
compared to scientists, largely reflects relatively 
slow groyyth or decline^ in those industries 
employing significant numbers of engineers.- 
Employment increases for S/E's between 1974 
and 1976 reflect primarily the ec onomic recover y ^ 
"that started in 1975. However, tne ract that R&D" 
funding in 1976 (as measured in cohstantdojlars) 
was slightljc. abov^ 1974 levels * probably also 
(:ontribute^ to the employment gains.^ More 
recent data suggest that a turning point may have 
been reached for engineers, since the employ- 
ment of engineers increased by 6 percent 
between 1976 and 1977.-» [ 

Not all fields of science shared equally m the 
recent overall growth in employment (see figure 
5-2), Physical and life scientists, who constitute 
about 45 percent . of all scientists, contributed 
almost 65 percent of the total growth in science 
employment betwen 1975 and 1976. 

Priority of Scientific and Technical 
Activities in Industry 

Private industry, the sector employing by far 
the largest number of S/E's in the U.S. economy, 
accoun ts for three-fifths of all persons working in 
science and engi neering. Of these, about 7 out of 
every 10 are engineers. Available, data indicate 
that since 1967, nontechnical activities'^ have 
been'*growing at a faster rate than technical 
activities. This conclusion is based on com- 
parisons between employment of S/E's** and total 
employment of persons not directly engaged in 



' Scientist and engineer popuKition «in(t employment 
estimates for 1974 havebeen revised substanti«vHy from those 
-nppeciring in earlier editions of Science huUcaiors reports. 

i Sec, for example, various issues of tm;»/(>yfflCM//im/ Enrtimgs. 
U.S, Depiirtment of Labor, for trends in industrial employ- 
ment. Information on engineering employment, by industry, 
can be found in "Scientific and Technical Personnel in Private 
Industry, 1960-70 and 1975," Revivwsol DuUtou Sciemc Rf^ohrm. 
National Science Foundation (NSF 78-302), p. 9. 

^atioml PtUtvrns of R(^D Rc$ources. 795J- 7978-7^, National 
Science Foundation (NSF 78-313), p. 36. . 

* Employmcnl ami Traimn^ Report ofihr Vnaidvui, U.S. Depart- 
ment of Labor, 1978, p.. 230. 

^^Nontechnical activities include tiianageinent, sales, 
accounting. clcric«il, ayd similar functions. 

0 Excluding social iicientists and psychologists, for whom 
data are unavailable. 
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Figure 5-3 . 

Employmtnt of self ntiitpnd •nglntars at an 
avaraga percant of totaraonproduction workart, 

for ialaclatf Inilustrias: 1952-75 A, 

(Perwnt) 
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production work in' six industries that are major 
employers of S/E personnel, and for which 
consistent estimates are available over time (see 
figure 5-3)i In each' industry except fabricated 
metals; the proportion of scientists'and engineers 
s|;\owed a sigtilficant increase (iirough the mid- 
1960'S; after which^ ^ach industry showed a 
decline, to 1975. Thus the number of employed 
S/E's, while generally increasing for these 
industries,/<ipparently is not growing as rapidly as 
the support staff, and more resour^ces Jire going 
for nontechnical activities and relatively less for 
technical earfeavors. This trend could have 
negative coS|feequences sinc^ S/E's contribute 
significantly to general economic growth and to 
increases in productivity in the U.S, economy. 
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Activities of Scientists and Engineers . ^ 

The work being done by scientists and 
engineers, including the n^umbe'r, proportion, and 
distribution of those doing R&D, indicates the 
levelt)f current science anfjd technology activities, 
The number of R&D personnel mciy be a leading 
indicator of the. Nation's overall science and/ 
technology effort th^t depends heavily on 
innovation which/ in turn, is frequently based on 
R&D. Another indicator of current effort is the 
proportion of employed scientists and engineers 
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holding jobs ovitside of science and engineering 
fields. A growth in tlhis proj^ortion maylndicate 
that«the Nation is*nolt aaequately utilizing these 
highly trained persgnnel On the other hand, the 
activities of these S/E s outside of science and 
engineering may be productive from a social 
viewpoint, resulting in no sojcial loss but a loss to 
science and technology. 

R&D Activities, Althoi/gh FTE (fuJI-.time- 
equivalent) employment of SIE^^ in R&D has. 
increased each year since 1973* the 196PlvveI was 



not exceeded 'until 1977 when a new high of 
571,000 )?/as reached (see figure 5-4). Between 
1974 and 1976, FTE employment of^/E'sm R&D 
increased by almost 5 percent, while total S/E 

• employment gr^w by 5.7 percent.' Thvis', the 
# proportion of S/E's in R&D declined slightly 

••between 1974 and 1976. 

\Vork Activities of DoctoratLevel Scientists 
and Engineers. The professional work activities 
of allS/E's can indicate the hurhan resources input 



to the American scientific and technical enter- 
prise; yet the work activities of S/E doctorate 
nolders are of special interest, because doctoral- 
level S/E's provide much <rf the teadership in 
scientific endeavors. ' ^ , 

The work patterns of doctoral ^/E's Are 
undergoing change (figu re S-5), but these 0v.erall 
patterns differ significantly among employment 
sectors.** In educntional institutions, there-has 
been a relative decline in teaching activities. With' 
corresponding gains in R&D and other activities. 
In contrast, other employment sectors have see^ 



^" Deiaihd Sttih!>iii'al lablfs. U.S. SjfVn/iVfs uiui Ens^invvrs: U)7(y, 
NM\on(\\ Science Foun'dalioiKNSF 79 305), pp. 33. 50- 




^ "Work Activities of Dm*toral Scientists* «if)d Engineers. 
Show Substantial Change Between 197^^ and 1977/' SnVmv 
/voOHifrs Shtdu'S.lifs^hhi^hii,, Nalionol Science Foundation (N6F 
78-316) * ^ ' • 
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Figure 5-5 / 

Distributron of employed tiootoral scientistr^ 
and eagineers by primary work , 
acJHvlty:' 1973 and 1977 

(Percent) . 
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a relative shift from R&D to non-R&D work 
activities. The$e shifts are somevyhat compen- 
satory, so that the overall proportion of doctoral 
S/E's primary engaged in -R&D activities re-* 
k maihed stable between 1973 and 1977. 
^ Although theproportionof doctoral-level S/E's ' 
primarily engaged in R&D remained constant, 
some changes did occur in the character of the 
R&D work over the 1973-77 period (see text table 
S-1). The number of doctoral S/'E's in develops 
ment activities increased at' a substantially 
greater rate than that for basic and applied 
eseareh-(^9-per4^en<^bet we e n 197 3 and 1977 fo i-^- 



deveiopment, compared to 27 percent each for 
basic and applied research). To sOme extent, this 
shift to development reflects the growing 
number of doctoral-level S/E's in private in- 
dustry, where development activities 
predominate. , 

The amount of R&D participation by the 
growing wojk force of doctoral-level S/E's 
assumes added significance when R&D expend- 
itures during this 4-year time frame are exam- 
ined. TWjs, while the number of doctoral S/E's 
primarily engaged in all aspects of R&D work 
increased substantially, R&D expenditures in 
constant dollars showed much smal/er increases, 
between 1973 and 1 977^:^ Also, between 1973 and 
1977, the number of full-ti/ne-equivalent scien- 
tists and engineers in R&D, at.all degree levels, 
increased by about 10 percent, a growth rate 
considerably below that of doctoral-level S/E's in 
R&D. The increasing participation of this level of 

Duringjheperiod, totalR&DexpendituresiiKreasedbyS 
percent, as did basic reseai^ch expenditures. National Pattnns of 
R&D Rrsourcts. 19531978 79. National Science'Foundation 
(NSF 78-313), pp. 36, 38. 



S/E's in R&D suggests that employers arp 
enriching their R&D staff by taking advantageof 
the greater availability of S/E's holding th^ 

doctorate. - _ ,^ — 

ThenumberofemployeddoctoraMevelS/E sin 

the United States increased by 29 percent 
between 1973 and 1977. This overall increase was 
accompanied by little change in the distribution 
among types ot employers (see Api^^dix table 5- 
6). Educational institutions continued to provide 

, the greatest number of jobs for doctoralS/E's (see 
figure ^-6)- However, the proportion of these 
S/F/s shifted slightly from academic to non- 
ficademic empjoyrnent over the 1973-77 period.^ 
Small incremental changes in theproportion of 
S/E's in different employing sectors may*be 

^ significant, inasmuch as a fairly substantial 
absolute change is required to affect^ipportions 
in the short run. 

^ As would be •expected, the movement into 
^ nonacii'demic employment wa*s most noticeable 
among new doctor^al recipients. For example, 
while about one out of six new S/E doctprates of 
the 1972 class obtained industrial employment, . 
this ratio rose toaboutoneoutof fivefpr thel976 
class. About70 percent of the new 1976 doctoral . 
recipients who entered industrial employment 
were involve^ primarily in R&D activities. ^ 
However, the proportion of all Industrially 
employed, doctoral-level S/E's engaged in R&D 
declined from 71 percent in 1973 to 66 percent in 
1977,10 Theiargestcomponentofthisdecline was 

J 



JO 'Work Activities of Doctoral Scientists and Engineers 
Show Substantial Change between 1973 and 1^77/' Sfitnct 
Resottnts ShuUv$ Hishlighh, National Science Foundation (NSF 
78-316). . A- 
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Figure 5-6 

Dittributlon«of doctoral solontliU and 
engineers by type of employer: 1973 and 1977 

(Percent) 
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the management of R&D. The proportion 
primarily tng^/g^d in the management of non- 
R&U activities and sales/prjofessional services 
increased ^^ubstan tially .^^ These changes suggest 
that in Industry, new doctoral-level S/E's are 
relatively more active in R&D than their more 
senior colleagues, who are movitig out of R&'D 
• activities. The increased hiring of young doc- 
torates by Industry has not produced any^lg- 
nif lean t problerns in underu tililza t ion as ludge<jl by 



sbme employers,*? according to NSF's Industrial 
Panel on Science and Technology. <^ 
Is the shift iw the proportion of doctoral-level 
e8{)ecially new degree i;eclpients, from 
academia to otKer employing sector? good from <i 
national point of view? The answer depends, in 
part, upon shifts in the work activities of these 
S/E's. Within R&D, for example/applied research 
and development predominate ih industry, 
whereas basic research predominates in univer- 
sities and colleges. 



^Yorking-Qutsid e S/E F tcW s. Not. d H 
employed S/E's are working in scijence and 
engineering jobs. For»many reasons, some^take 
jobs not only outside th^ir fields of training, but 
also outside of sciencie and engineering 
altogether. Of the S/E's employed in 1976, 12 
percent reported that they were in non-S/E jobs. 
By field, the proportion in non-S/E jobs ranged 
from about 3 percent of the mathematical 
scientists to 30 percent of the envirt>nmental 
sclerrft^ts (see figure 5-7). Some S/E's ohobse to 
work in non -S/E jobs, for higher pay or forrfther 
personal reasons* ¥of example, only about 10 
percent of those experienced S/E's yho. were in 
the labor force in 1970 and who wore in non-S/E 
jobs' in 1976 indicated that they belieVed that S/E 
jobs were not available. About three-fifths, on 
the other hand, indicated they were in non-S/E 
jobs because of personal preference, promotions, 
or higher pay. The proportion of the experience^ 
^/E's "involuntarily" employed outside of science 
and engineering varies somewhat by field (see 
text table 5-2). - ' 

As might be expected, employment outside 6f 
science and engineering occurred to a lesser 
extent among S/E's holding the doctorate than 
among all employed S/E's. In 1977, about 8 
percent of the employed doctoral-level S/E's were 
in nonscien<?fe jobs, up from abctut 5.5 percent in 
1973. Fields with an above^average proportion 
of S/E's in^lionsci^nce jdbsi in both 1973 and 1977 
include the physical and social sciences. * ^ Physical 
and social scientists represented about 55 percent 
orsll doctoral-level S/E's employed in nonscience 



ence 



Derailed Stniisiical Tabh, CharacterisliU of Doctoral ScienlUlsand 
Enginars in the Uniud $taU$. 1977. National Science Foundation 
(NSF79-.306), p. 5.. - ; . • ♦ 



»2 ^'Utilization of Science and Engineering DoctonUos^in 
Industrial Research and Development/' SriVnff Resounea S/m/lr.s 
Highlight, National Science Foundation (NSF 78-301). 

"Work Activities of Doctoral Scientists tind Engineers 
Show Substantial Change between 1973 and 1977/' Science 
Rtfourcef S/iiJ»V.< Highlights. National Science Foundation (NSF 
78-316). 

Characteristics of Doctoral Scientists and Engineers in the United 
States. 1973, Appendix B, National Siience Foundation (NSF 
:;^-312-A), pp. 14, 23. 
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Indicators for Aissessing the supply/demand 
balance. Such assessment depe^ds on several 
factors, including the perspective of thos^ 
concerned with the condition (enniployers, the 
Government, and individual scientists and 
engineers); thedeflnltlons u4ed;9nd theinethods 
used in the asseMment analyses. 

The w6rk ''sh9,rtage" requires careful con- 
sideration. Some^^ould say that there Is a 
shortage of S/E's if the number availi^ for 
employment is le^s than the number reqt|||d to 
meet some social goals. Frpm an econornic 
^ ylev^point; hov^ever, this definition Is not viable, 
because there is no demand unless employers are 
willing to pay for the services of as many S/E':?^ as 
are needed to meet such social goals. A moVe 
realistic definition of an S/E shortage is that the 
quantitv'demanded'at prevailing salaries excee4s 
tneavallablequahtity supplied. A frequently used 
deflnitionjmplies thai there is a shortage of S/E's . 
when the number avallable(supply) Increases less 
rapidly than the number demanded at salaries 
paid in the recen^ past.'^ 

Several labor market indicators frequently are 
used to assess the relative overair'balance" in the 
market for sf ientiflc and fechni(;al personnel—a 
shortage or surplus situation for S/E's. These 
indicators include unemployment fates; the 
experience of recent graduates seeking to enter 
the labor force, and relative salaries. Further- 
more, special studies shed light on thesitua tion in 
selected areas of concern, such as ehergy. The 
indicators examined suggest a possible surplus of 
scientists in general; they als(^uggest that the. 
supply of engineers is in approximate balance 
with demand. 



jobs in 1977, but they accounted foronly about 35 
percent of all employed doctoral-level S/E's.'*^ 

The Current Supply of Scientists 
and Engineers. ^ 

Recent concern about the lack of suitable job 
opportunities and past concerns about shortages 
of scientists and engineers suggests a need for 

Hoo Appendix table r^- 10. 



Unemploymenrtlates. Unemployment rates, one 
indicator of ^ pQSijible problems in the lab6r 
market, only parfwmy measure the supply/de- 
mand balance. TheseNrates do not indicate the 
degree of possible underutilization of S/E's in 
positions requiring skills below those that the 
jobholders aptually possess. In addition, un- 
employment rates in most instances do not ^ 
measure the difficulty or length of time required 
to obtain employment for those S/E's first 
entering the job market or by those changing 
jobs. Also, "hidden unemployment/' may exis*; 
for example, qualified persons may have involun- 



Soo W. Loo riiinsen, "The EconnmicH of Sciontlfk and 
Enj\inoorinK Manpower," }ouhuil of iiuuuin Rrstu/nrs. vol. 2 
(Spring*. \9b7), pp. 191 "21*?. 

' • Se(>for example, David M. Blank and George ). Stigler, 
Ihi- L\n/\}ul and Supply of M'uhju Pvtsiuimj. (New York: National 
Burea/of tconomU- Researih. Im . 1057). p. 2«1. 
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laiily turepled jolr^ outside of science or 
ongiaoering. However, dato indict^te that only 
about 1 perceiil'of the S/K's who werein iheKibor 
foree in U>70 were involuntarily employed in 
,noivS/l- positions in l^>7o.^'^ 

Relative to both the general labor force and to 
all professional and lethni^^al workers, scientists 
and engineers have shown a relatively strong 
labor market posiUon (see figure 5-8). In \ 97 the 
unemployment rate for engineers was similar to 
that for all professional and technical woi kers. By 
I^>77, tht»rate for engineers had fallen to less than 
half that Tor all professioiial and technical 
workers (see figure 5-^).* v-^^ 

In 1970, the unemployment rate foV S/t's,was 
3.0 percent —2. 1 percent foi* engineei s and 4.0 
percent for scientists (see figure 5-10).''^ in 
general, natiuMl scientists had lower imemploy- 
nu*nt rates than did social scientists. Ewnomists, 
with an unemployment rate of only about I 
pei'cen t, wered noticeable except ion aluong social 
scientists. It is . noteworthy that many of the 
sci^Mitific occil)^ations showing below-average 
unemployment rates —economists, computer 

Hasi'J on J*\l.\ troin ttl^ NSK spnn«.oroJ SiriA cy ol 

l\ltitlal ^Itift-^fmil U.S. SuH/is/s iiMi/ / >i^»j>jjj7s fy'r 

N.Uion.il SiKMuo I'ound.Uuu) (NSI- 7o ,:}or>):i> 



specialists, and medical scientists— -are those that 
are lessdependent for employment opportunities 
^)n faculty appointments and levels of R&D 
funding. 

Uilemploymeht rates for docttM al-level S/t's 
generally are lower than those foi' all scientists 
and engineers. As with all S/E's, unemployment 
mtes for those with doctorates Vtiry considerably 
^by field (see figiyfe^^lO). 

These unemployment rates suggest some 
imbalances in the supply/demand condition for 
scientists below the dtutoral leveh At about 1 
percent Tn 1976, the unemployqient rate for all 
scientists suggests that the supply may exceed 
demand, especially in such fields of science as 
psycht)logy and sociology. The rate for wii^v^eers 
(about 2 percent in 197o) suggests a rough 
balance, although demand probably exceeds 
supply; . unefuployment generally cannot be 
/ reduced to zero because of "fi ictional unemploy- 
ment" residting from people changing jobs and 
entering ant| reentering the labor force. For 
doctoral-level S/li's as a group, the unemploy- 
ment r^ites indicate no significant problems 

Mirlovvi^sl Dvi'i .ill n.ihon.i! umMnploymtMit i Mtr r n t>i Ji\l 
sinu- lo.|0\\\is I I piM i cnt {siMson.iljy 4ul)iiH|rJ)in April \^'>-\ \. 
wluMi llir N.ilinn vv.i'. I'vpt^nriu iiiK ^'ii t'\lu'nu*ty \\y,\\\ lalu^i 
ni.irki'l ilimn)*. vv.ulirnr. 
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Figure 5-9 

Unemployment rates for engineers 
as a piircent of the rates for p|rofesslonal 
and technical workers: 1967-77 
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terms of supply/demand balance. Nevertheless/ 
the individual unemployed scientist or engineer, 
of course, undergoes considerable hardship. ^ 

Experience of Recent Science and Engineering 
Graduates.' The ex'perience of recent S/E 
graduates is another indicator of the degree of 
market balance. In general, if the demand for 
^ S/E's is greater than the supply at existing salary 
levels, the proportion of recent graduates who 
obtain jobs in science or engineering wilj be 
relatively high. Those proportions, however, 
could vary considerably by degree levels. 

Only 30 percent of those who earnfed bac- 
calaureates in science and engineering in 1974 
and 1975wereemployedinS/Ejobs in 1976, while 
fb percent held jobs outside of science and 
engineering (see figu^re 5-11)^^ However^ a 
significant proportion (24 percent) of these new 
graduates were attending graduate school on a 



"Employment Patterns of Recent Entrants Into Science 
and Engineering," RevifWfi of Dala oti Siictuv Rvsounes, National 
Science Foundation (NSF 78^;^ 19), p. 5. 




Figure 510 

Science end engineering unemployment 

rates by field: 1976-77 
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f ull-f ime basis. When these students areexcluded 
from the analysis, a somewhat different piciure" 
develops; for those employed, about 45 percefit 
had jobs in science and engineering, with wide 
variations among fields of science. Tho^e with 
degrees in the natural defences and engineering 
showed a significantly greater propensity to 
obtain jobs in science and engineering fields than 
those with degrees in the social scienc<(?. 

"These data clearly indicate the degree jiif ^ 
relative supply/demand balance. They* aftjo 

SI 

niafk 




rtfitfiivt: supply/ utfiiidiiu uai 

mwe^t that, for some fields in today's job 
Tia?ket, the baccalaureate ma 



lay not be considered 



sufficient for entry into scientific etftploythent. 
The decline of the baccalaureate as <1n entry 
degree is consistent with tvv^^ alternative ex- 
planations. First, the nature A)T scientific work 
may have become more complex, recfuiring 
advanced degrees for those ^nt^ring such work. 
Siecond, there may be"ovM^edentialing''; that is, 
employers may be requiWng advanced degrees, 
^ not because of the complexity of the work but 
4:)ecause those with advanced d?gr^s may be 
more readily available. 

The proportion of recent graduates with 
master's degrees who found work in science or 
engineering is higher than those with the 
bachelor's degree. Overall, more than three- 
fourths (78 percent) of employed master'sdegree 
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holdiMH were workinR In S/E jobs, and the 
variation by field was not as great as that for those 
with Only the baccalaureate (see figui^ 5-12). By 
way of comparlsort about 92 percent oi new S/E 
doctorates are J^mployed in science and engineer- 
ing positions.- ^ ' 

The data on feceiy graduates who are n^ 
entrants into the labor market suggest that> in 
general, the quantity of scientists is ihore than 
adequate to meet thecurrent quantity demanded. 
For someof thescienceoccupations, such as social 
scientists, demand could increase substantially 
before shortage situations would 'develop. For 
engineers/however, demandn'Ad supply seem~ta; 
be roughly in balance. 

Relative Salaries.. Another indicator of labor 
market balance is salary trends. If S/E's are in 
short supply* their salaries would be expected to 
increase relative to some general salary 
measurer- as emplojrers increase their salary 



Hourly or weekly eanunfts of produdion workorii ,iro 
froqupnlly iised^ indic.ilors of RtM>er.il *.igo trends. 



offers toattract the available supply. if salariesof 
S/E's increase at the same or lower rates than do 
general salary levels, the inference^is that the 
available supply is equal to or greater than 
current demand. 

Care must be exercised in using relative salary 
da\a as^ indicators of labor market balance since 
the earnings of professional and technical 
workers in general have not kept pace with those 
for other workers. Nonprofessional wages have 
increased more rapidly for a variety of reasons, 
including increases in the minimum wage and 
union efforts to obtain pay raises for production 
and t^bied-workers . A s a ^SHlvfor-eKair^lMh^ 



earnings of male operatives'^ increased by 65 
percent between 1970 and 1977, while those for 
male professional and technical workers in- 
creased by 49 percent.-^ 



liuludost trnnsportatloii and semiskilled ixielalvvorking 
occupations. 

^* based on eajjiinftB of year-round, full-time worker*. See 



amjr 

Cuttcut Poimhhofn^ffwrh. Series U.S, Department o( 

Commerce. Bureau of theCensu^i, No.S0(1971 ), pp. 117-118, 
and No. ll(v(197S). p. 13. 
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She median m6nthly salaries of R&DHcient ists 
engineers did not keep pace with increases in 
the hourly earnings of production workers in the 
1970's (see figure 5 13). Salarif*!* of S/E s in R&D 
(measured in current. dollars) rose by about 37 
percent betweeii^l970 and 1976, earnings of all 
male professional workers increased by 38 
percent, but production workers' salaries in- 
creased 42 percent. Salaries of doctoral-level 
S/E's in R&D increased ^ about 36 percen trover 
the same period. While indicating stronger 
demand for doctoral-level S/E's than for scien- 
tists and engineers with less education, thedata 
-also indicate TT rough balance^in thi5>upply/de- 
mand condition for dtKtoraMevel S/E's in R&D. 

Starting salaries for new hires of inexperi- 
enced engineers (and presumably scientists) may 
reflect the market situation for that occupation,-'^ 
Data developed by theColleg^ Placement Council 
indicate that starting salary offers for scientists 
and engineers have increased since the 1973-74 



See, for example, W. L. H*iiisni, "The Short.iHf of 
Engineers," Review of Lonomus ami StaMuf. vol. 43 (August, 
19()l),Tpp. 251-56; .ind Richard Ffoen>.ui, 77ir Ovnaittaitvii 
Amenui*i (New York: Academic* Press/ 1976), pp. 10- 16. 




recruiting period. However, cautloli must bf 
exercised in inferring that a "shortage" situation 
is developing for S/E's from the moderate 
increase in starting offers <29 percent for 
engineers from 1973-74 to T976-77)J<' When 
,a<.jjusted for inflation, little increase in starting 
salaries is indicated The data suggest, however, 
that the market* for natural scientists and 
engineers is improving relative to that for 
graduates in business and the human^ities and 
social sciences (see figure 5-14). 

Special Areas, Special situations concerning S/E 
BTipfpty~n>ay exist in specific occupatiOhftr~F<5r" 
example, one study^^ has indicated current 
shortages of energy-related personnel in selected 
fields such as mfning, petroleum engineering, and 
chemical engineering at the doctoral level .The 
p market, however, appears to be responding to 
this situation— 1978 bachelor's degrees in these 
fields ^re up sharply from mid-1970 levels. 



Projected Supply and Utilization of 
Scientists ^nd Engineers 

Doctoral Scientists and Ejigineer^. Projections 
are indicators of possible futures which are 
generally used as planning tools to anticipate 
potential problems and to develop a better , 
understanding of the dynamics of tne systems 
that are being analyzed. Si.ijce'^projectiOns are 
sensitive to assumptions about behavioral ^ 
relationships and future values of critical 
variables, they should be used w^^th caution and 
s<*veral caveats are pertinent. 

Projections are conditional forecasts incor- 
porating a number of assumptions about the 
future. If these assumptions are changed, the 
results of the projections will be altered. In 
addition, all projection techniques are subject to 
Inherent difficulties. For exjimple, an obvious 
hazard of trend extrapolation is that tendencies \ 
may be alterec^by unexpected events. Similarly, 
in^ projections b^ised on econometric* ifodels, 
pertinent factors that may have been omitted, 
either through oversight or because of data 
limitations, are assumed to have stable 
relationships with factors that hav^ been con- 



See CPCSiilary Sur^fy hmal Report (Bethlehem, l\i.: College 
Fhkement Council, July 1976 and 1978), p. 3. 

Hugh Folk, el ai. Si^rnlifk mi T^chtkaLPersonuel in Ener^y^ ^ 
Related Activities: Current Situation and future Requirements (Urbana/ 
^^Chompaign, III.; Center for Advanced Computation, Univer- 
sity of Illinois. 1977), pp. 73-76? See al8o"Carrent and Future 
Utilization of Scientific and Technological Personnel in 
Energy-Related Activities," Reviews of Data on Siifnce Resourcen, 
National Science Foundation (NSF 77-315). 
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that the projections for brdad areas of science 
(e.g , physical sciences) are necessarily applicable 
te> their individual disciplines. 

.The ajaniuUjttumhet of doctor 
science and engineering has declined slightly each 
yeiir since 1973, the Hrst such declines experi- 
enced since the mid-1950's. These declines, 
couplecfwith reduced employment opportunities 
for scientists and engineers In the academic 
sector, raise oolicy issues regarding future 
supply/demand relationships, market adjust- 
ments to imitcilances, and potential implications 
of these fw the. future vitality of scientific 



research and development in the United States^ 
paf ticuUrly in the academic sector, . 

Independent projections— prepared ^ the 
National Science Foundation (NSF) ancUthe 
Bure'au of »Labor Statistics (BLS), which are 
discussed more fully In Appendix 1 — indicate that, 
in general, the supply of doctcirate scientists and 
engineers is likely to be more thafri ample to meet 
anticipated demand,^* Depending on the model 
examined, from 185,000 to 210,000 students are 
projected to receive science and engineering 
doctorates from American universities roughly 
'over the next decade.^^ Based on these projec- 
tions and estimates of attrition, an S/E doctoral 
labor force of 410,000 to 420,000 is projected for 
the mid-1980's, as compared to 340,000 to 
350,000 projected to be in S/E-related (or 
traditional) activities. 

The difference between supply and utilization 
in the mid-1 980's is projected by BLS and NSF to 
be in the 60,000"to-80,006 range. Thisdiffecence 
represents an estimate of doctoral S/E's who are 
likely to find it necessary to accept nbn-S/E or 
nontradition'al employment. Based on historical 
evidence, it is likely that only a small proportion of 
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sidered. These relationships could be altered in 
the future. In view of these limitations, a f^e 
sense of precision should not be attributed to the 
numerical forecasts. Instead, attention ^hould be 
focused on broad features of the projections. 

A final caveat concerns the levdof aggregation 
of projections, Each major area of^cience and 
engineering" includes specific disciplines .(e.g., 
physics, economics, electrical engineering) that 
^n differ from the Jiggregate in its supply and 
utilization balance. Thus, it must not be assumed 
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For models of supply and utilization covering scientists 
and enKineers, see PrQjtciiona of thr Supply and Ufilizatm of Science 
and Eii^iiimwui; DochnUeit, 1^82 md 1*^87, National Science 
Foundation (NSF 79-36'^); Douglas BraddiKk/'Oversupply of 
Ph.D.'s to Continue Through \9d5" MotUhly L\kn Review 
(October J978). Other models related to more general 
markets for highly trainecf labor, or to particular sectoVs of* 
this, market (such as the academlp sector) can be found in 
Richard Freeman, The Ovendtunkd American (New York: 
Academic Press, 1976); Projeclioni; of EdudUtonhl SlahaticiKU) 1^86- 
87, U.S. Department of f^ealth. Education <tnd Welfare, 
National Center for Education Statistics; Roy Radner and 
Cha^rlotto V. Kuh, Preserving a iosl Generation: Policies lo As$ure a 
SUwdy flow of Youn,\: Si lwlnra Until the YearZOOO (lierkeley, Calif .: 
Cajinegio Council on Policy Studies in Higher Education, 
1978). 

Thes^» projections are adjusted to reflect the Inter- 
national flows of migrating scientists and engineers.TheBLS 
projection (165,000) \^ for the period 1970-1985; the NSF 
prcTijeclion (210^000) is for the period 1977-19^7. . 
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' this group will actually be unemployed. By 
contrast, only about 23,000doctoralS/E's were in 
full-time, non-S/E positions in 1977. 

Hcweyer, the mcTdels produce so.nie 
differences in projected supply/utilization fin- 
dings when the data are classified Jby broad S/E 
fiek*. Mathematics is expected to encounter the 
largest imbalance, with anywhere from 21 to 30 
percent of its doctoral S/E's projected to be 
engaging in' non-S/E activities. Social sciences 
follows closely behind mathematics, with~ 
anywhere from 19 to 27'|>i»rcentof its doctorates 
projected in non-S/E activfties. Problems are 
expected To be somewhat less seyere in the life 
sciences (with 16 to 20 percent projected to be in" 
non-S/E activities) and in the physical sciences 
(where only 9 to 10 percent are projected in non- 
S/E' activities). The projections for en&ineers are 
more divergent. The NSF model projects 19 
percent of the engineering doctorates employed 
in non-S/E activities; whereas the BLS model 
projects a shortage of roughly 8 percent in the 
labor market for doctoral engineers. This 
difference is primarily due^o considerably lower 
projections of doctorate degrees by BLS, The 
congruence, of the prc>jection findings in the 
aggregate thus appear to result from' offsetting 
differences in findings among major fields. 
These projections suggest that, strictly on the 
^ ba^is of the availability of human resources with 
scientific and engineering training at the doctoral 
level, the United States rnay not be constrained 
from engaging in new initiatives in R&D and 
other technological efforts. The projected grow- 
ing disparity between supply and utilization for 
toral scientists and engineers, however, may 
cause for concern since there may be some 
vrect loss for the next ♦several years of the 
. substantial resources invested in the specific skill 
W,'^-- training of these scientists -and engineers by 
/ virtue of their working in nonscience or non- 
engineering activities. 

All Scientists and Engineers. In general, the 
Bureaii of Labor Statistics estimates^ that the 
" supply of scientists through the mid-1 980's will 
J be more than adequate to meet demand in most 
fields. For engineers, Siipply and dgmand are 
expected to be in rough balance. Projections 
developed by BLS indicate that engineering 
graduates in most specialities will face. good 
employment opportunities thrc)ugh the mid- 
1980's;^^^ In the.Bureau's terminol^gMthephrase 




Seo "The Job Oulfook in }}\ '\et" -Oiim*itoml Oulhwk 
Quartvrly (^Ming IP78), U.S. D(.'p*u tmont of Ltiboi, Buroauof 
IV («abor Stdtistk's. 



"good fjmployment opportunities" means that 
demand and supply will be roughly balanced. 

The outlook for scientists varies considerably 
by field and Icivel of training. Favorable en\ploy- 
ment opportunitiejj^are projected for geologists 
and geophysicists, reflecting increasing explora- 
tion for petroleum and oth<?r minerals. However, 
the number qualified^o enter thegeophysics field 
may fall short of reciuirements if current trends 
cqntinue. In the physical sciences, favorable 
opportunities are projected in the nonacademic 
sectors for chemists and physicists. The situation 
is expected to beMess favorable for those seeking 
employment As'^'^stronomers, The number of ^ 
degrees granted in astronomy will probably 
continue to exceed available openings. Ap- 
proximately three-fourths of total employment 
of chemists is expected to be in private industry, 
primarily in development of new products. The- 
generally favorable outlook" for nonacademic 
physicists reflects primarily An anticipated 
decline in the number of graduate degrees in 
physics rather than a significant increase in 
demand. , 

Tho^e seeking employment as mathematicians 
are likely to face keen competition throughout 
the mid-1980's. Opportunities, however, are 
expected to be best for advanced (^egree holders in 
applied mathematics seeking jobs in government 
and in private industry. Employment oppor- 
tunities for life scientists are expected to be good 
for those with advanced degrees through the 
mid-1980's, but those with lesser degrees may 
experience morecompetition for available jobsTn 
the social sciences, anthropologists are expected 
to face keen competition for jobs, while 
economists with masters and doctoral degrees 
are expected to have favorable nonacademic 
oppcfrtunities. Those with training in sociology at. 
all degree levels-may expect keen competition for * 
available jobs. For doctoral psychologists, / 
prospects will^be brightest for those trained in 
applied areas such as clinical counseling and ' 
industrial psychology. 

QUALITY 



Recently, there has been increasing specula- 
tion on .a possible . decline in quality of the 
scientific and technical work force. Such specula- 
tion is difficult to deal with, since no direct 
measures of overajl work force quality yet exist. ^ 
However, several indicators may be used to 
assess the quality of the S/E work force^Xhese 
include changes in the proportion of dol'torates 
. held by persons in the S/E work force, aptitude 
test scores of prospectivegraduate8tudents,data 
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on nonformal training activities of experienced 
S/E's, and distribution of researchers by age. 
Though limited, the data presented oelovv 
indicate In^it thequality of the S/E workforce has 
not declined, and by some measures quality has 
actually improved. For example, the proportion 
of scientists and engineers holding tl^e doctorate 
has increased, and the proportion of experienced 
scientists and engineers obtaining further train- 
ing has remained stable through the 1970'8. Also, 
test scores of prospective graduate students ii\ 
science and engineering continue high and 
junchidDged relative to the scores of graduate 



students in non-S/E fields. The relative decline in 
the proportion of the S/E doctoral workfo|;ce 
which is under 35 year^of age may produce some 
dimunition in the vitality of science. However/ii 
change in the age distribution may reflect a 
return the normal after an* unusual situation 
pi^oduced by the rapid expansion of the system in 
the 1960's., The cnanging. situation i9 already 
producing a considerably slower infusion of new 
investigators into the academic/sector. 



Graduate Record Examination (GRE) remained 
•high and. unchanged with respect tp the actual 
scores* and relative to the average scores of 
graduate students in nonscl^nce fields (Appendix 
table 5^15). 

The mean scores are available for the years 
1970 to 1977 for five broad S/E fields (see figure 
5-15). In verbal ability, scores for science and 
nonsciencecandidatesdid not differ significantly, 
but engineering candidates' scores averaged 
noticeably lower than science candidates'. In 
quaiititatlvV' ability, candidates for admission to 
S/E fields averaged more tha n one standard 



Rising Proportion of Doctorates in the 
S/E Work Force 

From 'I960 to 1976, the number of do>;toral 
degrees awarded in S/E fields increased at ari 
average annual rate of 6.8 percent, slightly faster 
than the annual rate of 5.7 percent for bac-- 
calaureates. The number of persons in the S/E 
work force who had earned doctoral degrees 
grew by 3.3 percent a year, somewhat f^aster than 
the 2.8 percent annual gro\vth of the total S/E 
work force over the 1974-76period. Consequent- 
ly, the proportion of S/E workers who' hold 
d6ctorates also Increased. For .natural scien- 
' tists,^Vthe proportion doubled from 1960 to 1976, 
and for all S/E workers it increased from lQ,j6 
percent in 1974 to 11.4 percent in 1976. The 
higher ^percentage of \vorkers having more 
advanced education implies higher average 
quality. As ported out earliert'spme increase may 
have resulted from hiring new entrants with 
doctoral degrees simply because they were 
available, and not because fheir positions had 
previously required that level of education. 

Test Scores of Prospective Graduate Students 

From 1970 to 1977, the quality of prospective 
S/E graduate students,^s measured by test scores 
on the verbal.and quahtitativecomponentsof the 



deviation above candidates in nonscience fields, 
but there were large differences separating 
candidates in engineering, mathematics, and 
physics from those in the life an3 social sciences. 

The ' absence of any significant decline in 
averag^ scores mav'seem surprising in viewof the 
expansion in numbers, and in viewof the decline 
in fiver^ge scores of students seeking admission 
as college freshmen. However, from the 1930's 
until well into the 1960's, a very large increase In 
thepercentage of young people attending college 
wa^ accompanied by aninofeasein average scores 
on tests of int^lectual aptitude;^^ colleges 
expanded their enrollments, they also becanr^e 
*more selective. This situation could not continue 
indefinitely, and it Is widely known that the 
average aptitude scores of high school seniors 
seeking admission to college \\M/e declined in 
recent y^ays. 

However, the applicants for admission to 
graduate school, whose average scores are 
plotted in figfure5-lS, are from an earlier college 
generation; many of them entered college before 
the recent decline in scores, and through 1977 
there has been no. drop in this measure of the 
quality of graduate students in science atid 
engineering. Not only has the quality of prospec*' 
tive graduate students remained constant, but 
the proportion of doctoratesgran ted by top-rated 
departments for selected fields has been relative- 
ly stable from 1967 to 1977. Although the- 
humber of doctorates grant€|d in S/E has declined 
since the early 1970's, the downward trend in the 
number of doctorates awarded by those 
departments with a "distinguished'' Roose- 
Anderson rating has proceeded at a slovvU^fi^e 
than the trend in lesser rated departments.-^^ 



Excluding social scientists and ^Jsychologists, for whom 
data are not available for the earlier years 



Paul Taubman and Terence WAlet, Mtnhl Ability and 
Higher Educational AttainmeHt in the 20th Century, (New York: 
National Bureau of Economic Research, 1972). 

Summary Report \977i DoctorAte RrcipiMs From United States 
Univeraities (Washington, D.C.: National Academy of Sciences, 
1978), p. 9. 
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Continuing Training ^ ^ 

Another indication of the quality of experi- 
enced S/E'9 is the proportion who participate in 
tr;aining programs^ both formal and intdrmaL 
Surveys sponsored by the NSF^^* permit study of 
individuals who w^re employed in science and 
engineering at the time of the 1970 Decennial 
Census of Population. Data from these surveys^ 
^how that experienced scientists and engineers 
continue tt) participate in education and training 
programs. For example, the proportion of 
doctorate-holders receiving thisU^aining climbed 
-percent in 1972 to j^percent in 1976. 
Over the.same period, however, the proportion 
of master's degree holders remained relatively 
constant at about 22 to 23 percent. The propor- 
tion of S/E's obtaining nonformal training 
remained hijgh— over 35 [percent— for each of the 
years 1^72 through 1975. "On-the-job training" 
and "courses at employer's training facilities" 
. were the two most frequent type9 of supplemen- 
tary training cited by participants in the study 
Thus, the established S/E community is taking 
advantage of opportunities to maintain and 
improve its level of competence^ 

Young Scientists and Engineen 

One indicator of the vitality of tKfe science and 
engineering work force is the age distribution of 
active S/E's and, in particular, the status of 
"young" investigators. Frequently, research 
activities in the years immediately following the 
doctorate are^cl^aracterized by innoyative ap- 
proaches.*^"^ Three indicators of this aspect of 
quality are the age distribution of doctoral-level 
S/E's, tlie number and proportion of university 
faculty who aire "young," and the flovy of recent 
doctoral-level recipients into R&D. 

Age Distribution of boctoral-Level S/E's. In 
1977, about 22 percent of the employedxloctorai- 
level S/E's w;ere under 35 years of ^ge, compared 
to 25 percent in 1975 and 27 percent in 1973, The 
'age ciistribution of doctoral-level S/E's varies 



^* ChamferisUcs of the Nafiifha/ Sample of Scienlisis and Engineers 
1974, Parf l: Demographic and Educaiionai NatK)nal Science 
Foundation (NSF 75-333), pp. 42-45; and CharacUrislics of 
Experienced !xienMs and Engineers, JP76. Delailed SiaMical Tahlfs, 
National Science Foundation (NSF 78-305). 

^^'"^ See, for example. Report of the National Science Board h the 
Subcommittee on Science, Research and Technology of the Committee on. 
^ienct and Technology, U.S. House of Representatives Regarding Peert 
RfView. Procedures at the National Science Foundation, (N^B 77-465)/ 
November HJ77, p. II-2; and "Decline in Recent Scienil^e and 
Engineering Doct(rt*al Faculty Continues into 197^", Science 
Rssources Studies Highlights, National Science Foundation (NSF 
79-301). 
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somewhat by type piF employer and by primary 
work activity, e.g., R&D and teaching (see figures 
5-16 and 5-17). In 1977, for example, abbut 22 
percent of the d6ctoraMeveI S/E's in 4»year 
colleges and universities and in iitdustry were 
under age 35, while in the Federal Governirient 
the comparable figure was about 19 percent; A 
significant fraction of those under 35yeiirsof age 
In colleges and universities hold postdoctoral 
appointments. -^^^ 



The relatively high proportion of young people 
holding doctorates and working In industry 
ref l^^cts, in part, the large number hired for R&D 
activities between 1975 and l977^^Projection9 
developed by NSF indicate that young people 
with aoctorates increasingly will find jobs in 
industry, but not necessarily in R&D.^^'^v^ * 



y "V\\\\tM\on of Science and Engineering DocloratCB In 
Industrial fteseaich and Developmenl/'Sffrrirr RrsouncfShuiUs 
lUsihlijihh. NAlional Science Foundation (NSF-301). 

J** /Vi>;V(fk»Ms of thf Supply ivid UtHizatm ol Scitrtdrtind tn^intrring 
DoihrtUfs. }9S2and 1987. National Science Foundation ((J^SF 
79-303). ^ . - 
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' Young Investigators. The l^ontlnued vitality of 
research depends on many factors, and thesteady 
Infusion of new investigators is particularly 
importiv:it. Ur^versitles, whJph.perfprm much of 
the Nation's basic research, have experienced 
recent marked reductions in the numbers of 
youn^ doctorate-holding faculty-^^ {V.e., 7 or 
fewer years from receipt of the doctoral degree). 
Oyer the 11-year period 196»'197^, while the 
total number of doctorates held by faculty in 
selected science and engineering fields increased 
by 14 percent, the number of young people with 
doctorates has dropped and their total percent- 
age has declined from 42 percent to 24 percent. 
In theopinion of department heads, 30percentof 
the full-time doctoral faculty should be in the 
young category.i; In 197»-79, doctoral-level 
departments in 16 representative science and 
engineering fields expect to hire 2,980 full-time 
doctorate-holding faculty, of whom 70 percent 
are expected to be of assistant professor rank. At 
most universities new doctorate holders enter 
"the facylty as assistant professors, 

The research activity of full-time science and 
engineering faculty in universities, expres^d as 
tUe proportion spending 20 percent or more of 
their time in research, increased slighty between 
1968 and 1974. In both years, about 91 percent of 
the young doctorate-holding faculty were includ- 
ed in the research-activ.e group. -^-^ 

Flow of S/E's Recently Awarded Doctorates 
ihto R&D. Availabledata show that almost half of 
the S/E's recently awarded doctoral degrees are 
engaged in R&D Tin the years ifnnniediately 
following receipt of their degrees (see figure 5- 
18). This concentration, inlarge part, reflects two 
Jactofrs. First, to capitalize oh the most advanced 
concepts and techniques, industry often employs 
young doctoral-level S/E's in the laboratory for 
their first assignments. Many will move out. 




Although not scientists are young when they receive^ 
the doctorate, qiost of those who have he[d tliedot lorate for? 
years or less are In fact yoUng. In recent years, the medlaivage 
fox new science doctorates has been about 30 years. * 
' "Decline in Recent Science and t'ngineering Doi toral 
Faculty Continue^} Into \ ^7S," Si icmc RvsounfsShtdks } h\^hli^^\h. 
National Science foundation (NSF 79-301). 

Frank J. Atelsek iind Irene L. Ciomborg, Youu,^ Doilonrlv 
h'aiuUy in Si'leim Siimr ivid Euj^imrrin^ Dcfuntmnils. 1975tuul 1^)80 
(Washington, D.C.: American Council on Kducation, 1970), 
p. 9: ^ 

»i Frank J. Atelsek and Irene L. CUimberg, Yohn^v: DoilonUv 
Fiti'ii//y in Siivmfmid En^inmhisi: Tmuh in Composiliou ttnd Rcaaiuh 
AiUvity (Washijigton, D.C.: Aitierican Council on Education, 

YoHfi^ tvui Svnior .Sikuic ami Ettginccrhiii ftu uh\/, t974, ^ 
National Science Foundatfon (NSF 75-^07),. pt 3 1 , 



ho^yyever, into management and other non-R&D 
positions. S^ond, increasing numbers of those 
newly a Wa'Med doctorates do not takeper manent 
positions after graduation but stay at univer^sities 
in postdoctoral positions. Not all who hold' 
4)OBtdoctofal appointments, however, seek or 
find permanent jobs in R&D. 

tQUITY 

f * 

Womjn and minorities in science and engineer- 
ing are receiving increasing^attention, reflecting 
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two separate but related concerns: to attract the 
best students into science and engineering 
regardless of sex, racial group, or ethnic status in 
order to maintain and*imjprove the quality of 
- scientific iind technical-effort; -and to ensure 
equity of opportunity for wpmeci and minorities 
to participate in science a^d engirtfeerlng. 

The concept of equity (or fairness) can be 
defined as equal treatment of equals. In the labor 
^' market, this m^ns eqUal treatment with respect 
to employment and salary practices for in- 
, dividuals with comparable skills. A separate but 
related issue involves equity in the acquisiton of 
— skills. In equitie s in employmen^^-and— salary 
practices in thelabormarkethavedifferentpoliCy 
implications from inequities in skill acquisition, 
particularly in labor markets requiring substan- 
tial amounts of formal (as opposed to on-the-job) 
training. 

Labor market and training inequities are issues 
that merit serious policy concern because of the 
resource costs they impose on society (as a result 
of maldis t ribu tion qf resources they produce) and 
because of the financial and psychic costs they 
imposeon the individuals who are subject to these 
inequities. 

Disparities—between women and 

between racial minorities and others—in labor 
market variables (such as employment and/or 
salaried) or in skill acquisition variables (such as 
enrollment^ in science and engineermg programs 
_ at colleges and universities) can be indications of 
such inequitjes. However, such indicators, 
although necessary, may not be sufficient to 
justify an inference of inequity. In principle, 
observed disparities amiqng these groups in labor 
market variables can alW reflect voluntary 
differences in laboK(narket behavior among 
groups (such 'as career choices, occupational 
preferences, etc.) or differenced among groups in 
socioden)ographic characteristics (such as age, 
work Experience). To the extent that these 
nonequity-related factors are operating in labor 
markets, they mean that observed disparities can 
overstate the degree of inequity that exists. 

The indicators presented below j?uggest that 
both women and minorities are under- 
represented in the science andengineering work- 
force. But wortien may be improving their 
representation, as evidenced by their increas^g 
; fraction of the degrees granted in science^ 
engineering. This increased relative "flov 
new women entrants is slowly altering the's^ 
. composition of the stock of scientists anW 
engineers. In contrast^ among mihorities, black^ 
appear to be making little progress in improvinf 
their representaticfTTT^ 



Women iFSck^^ and tngrniSfeflng 

Population and Labor Force Participation- Of 

the approximately 2.7 million in the 1976 SZ-E 
P^P4'^*L^P'_ about ^ercent^were women. Only 
atouT ^ pe recent of These" >v6meh were "in 
engineering fields, and about three-fifths were in 
the life and social sciences, and Qpycholpgy. In 
contrast, morp than half the mtftiwere engineers 
rather than scientists. The concentration of 
women in science rather than engineering may 
partially reflect occupational stereotyping, on the 
part of both so^ety and women themselves. The 
distribution of ^^meryimong theyar io^s science 
"fields mfy in pai^^^ect society's "traditional" 
explctatioh of women. For example, the general 
public may view life sciences as health-related, 
and they may see health, along with psychology, 
as a helping oc(?upation. Following' their^ 
traditional roles as wives and mothers, yeomen 
might be encouraged an4/or pressured in 
helping fields. The current occupationaldistrib 
tlon within science- may also reflect limited 
opportunities for women in the physical sciences 
in the past, and few female role models. 

Between 1974 and 1976, thenumberof>vomen 
S/E's increased ata pacealmost twice that for men 
(15 nercect versus 8 percent). <^ The more r?ipld 
incr/ases for women, both in the stock of the S/E 
population and in thenumberof degreesgranted, 
may partly be -attributed to affirmative action 
programs and increasing female awareness of 
opportunities in science and engineering. < The 
number of science and engineering degrees 
awarded to wojpen has increased more rapidly 
than those awarded to n^en recently, and an 
increasing proportion of women so trained are 
seeking'tareers in science and engineering. These 
indicators suggest that employers may be more 
willing to hire women for S/E jobs. 

About 85 percent of all female S/E'sweiiwn the 
labor force in 1976— that is, employe'flor seeking 
employment. Of those S/E women not in the 
labor force, almost on»-quarter were social 
scientists. Ninety -one percent bf the males were 
in the labor force in 1976. The participation of 
both male^and female S/E's in the labor force is 
greater than the participation rates of all males 
and all females of working age.^^^ The labor force 
participation t^ate for all working-age women was 
. 47 percen t in 1976, and for working-age men, 78 




Detailed SiaUstkal Tablfs. U..S. Sdtniish and Engineers: 1976, 
National Science Foundation J(NSF 79-305); pp. 14, 46, 

Employment and Training Report of the President.J^78. U.S.' 
Department of Labor, 1 978, p. 1 82. VVorking age is defined as 
16 Y^ars of age and older. 



percenirThedlf f erehc^^^^ *rid 
all women is striking and suj^gests a iWuch 
^ stronger labor force commitment by S/E wom6n. 

Women constituted 10.4 percent (31,673) of 
..^he_.doctOMWevel-S/E'tJn 1977,jup Jrom^9..5 
percent in 197^ and 8,7 percent in 1973. The 
rFpresen ta tion of wohien In the dif f eren t fields of 
science varies considerably. Qf all doc|oral-level 
women S/E's, 34 percent were in the life sciences 
ai)d another 27 percent were In psychology 

As might be expected, the labor force participa- 
tion rate of women holding tht^octorate in S/E 
fields (90 percent) was 9drnt|VMPt above the rate 
of all female S/E's (85 perce'nt),^^ The relatively 
high labor force participation of women holding 
S/E doctorates (and women S/E's in general) 
reflects moreinterest in S/E careers, favorable job 
opportunities for women in science and engineer- 
ing, and the geiheral tendency for labor force 
participation to Increase with educational attain- 
ment. 

EmploymentJ The num^ber of employed female 
S/E's in 1976 (197.2,00) represented about 8,3 
percentof all employed S/E's, upfrom7.8perceDt 
in J974. Between 1974 and 1976, thfe employment 
of w<^rnen scientists |y^d engineers increased at a 
>nfuchiaster rat^^^li percent) than that for men (5 
percent). AmpilR science occupations, erijiploy- 
ment of women increased by about 11 pwcent, 
while the number of employed male scientists 
increased by almost 10 percent. In 1976, women 
represented about 17 percent of all employed 
scientists, up from about 8 percent in 1968. 

Women are still underrepresented in S/E jobs. 
In 1976, women represented about 40 percent of 
all employed persdhs, and a slightly higher 
' proportion of all professional and technieaf^ 
workers (42percent).^9.This latter group includes 
occupations, such as nursing and teaching, that 
traditionally employ large number? of women. 
_The various science and engineering fields vary 
widely in the proportions accounted for by 
women (see figure 5-19). 

Of the 284^200 employed doctoral-level S/ E's in 
1977, 9.7'percent w6re women. The employment ' 
of women doctoral-level S/E's has been in- 
creasing, both absolutely and jn comparison to 



- . Delailed SiaHstical Table$,TftaractfmlicsofDoctorat6cienMsand 
Eniinfeninjhe United S(d(fs, 1977, National Science Foundation 
(NSF 79-306), pp. 24-25. 

• Dehiled Stati$ikal TMe$, U.S. ScieniiiU and Engineers: 1976. 
National Science Foundation (NSF 79-305), p. 14. 

« American Science Manpower, 1968, National Science Founda- 
tion (NSF 69-38)/pp. 69, 253. 

« Employment and Training Report of fhe President, 1976, U.S. 
Department of Labor, 1978, pp. 179-180/205. 



Figure 549 

Employid woman tcit ntiitt and ingint art at 
parcant of total S&E't : 1976 ^ 
Employad woman dootorata sclantlttt and 
anginaars as paroaiit of total doctoratas: 1977 
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that of men. Between 1973 and 1977, for 
example, the employment of women dpctoral- 
level S/E'd increased by 62 percent, and the 
comparable increase for men was 26 percent. 
Thus, the female portion of the employed 
doctoral S/E's went trom 7.7 percent in 1973 to 
9.7 percent in 1977. 

Unemployment Rates. Unemployment rates 
are one -indicator of potential labor i^arket 
problems. Higher unemployment rates for 
women suggest that they face labor market 
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f roblerns different from those of males In the 
•tientmc and technical work force. The un- 
employment rat^or female S/E s In 1976 was 6,8 
percent, In contrast to the 2.7^percent unemploy- 
ment rate for rhale S/B^s,**^ and almost double the 
3.5 percent rate for women in the overall labor 
force with^ or more years of college education.^* ' 
The latter comparison should be treated with 
caution, since the S/E unemployment rate is not ' 
strictly comparable to the unemploy men t rate for 
all women with 4 years or moreof college. For the 
latter population, persons who report they are 
not working and looking for work mirst indicate 
-trpeetfie-^etions — taken— to— find— employtwrrt;- 
otherwise they are counted as not being in the 
labor forcp. NSF surveys, however, do jiot 
contain this screening step. Hence, more S/E 
women would be counted as unemployed than 
would be the case if they had had to indicate 
specific job-seeking activity. 

Approximately 35 percent of all women with 4 
or more years of college were not in tl^ labor 
force in 1976, whereas only abour 15 percent of 
women S/E's weresoclassified. Also, a significant 
proportion of employed women with 4 or more 
years of college are not in professional oc- 
cupations. In 1976, for example, almostone-third 
of the employed. women with 4 Or more years of 
college wer<^ in nonprofessional jobs; of these 
women, cibout half were in clerical occupations. ^^- 
Higher unemployment rate^ for women S/E's, as 
compared to their male colleagues, also reflect to 
some extent the concentration oT women in the 
behavioral and social sciences, fields which 
usually have above-average unemployment 
rates. In general, however, yvomen have had 
higher unemployment rates than men regardless 
of field of science. Excluding psychology and the 
social "sciences, the unemployment rate for 
women scientists was 4.1 percent in 1976 
compared with 2.4 percent for males in thesafme 
fields. The sex difference in unemployment Mtej^ 
remains even after years of schooling are taken 
into account. 

Among doctonaHevel S/E's, the unemploy- 
ment rate in 1977 for women (3.4 percent) was, 
considerably above that for men (0.9 percent). 
With the exception of economists, the unemploy- 
ment rateJi for women were higher than for men 
across all Fields of science. 



* The above data suggest that considerable 
improvements are needed to achieve parity with 
respect to unemployment rates. However, as 
mentioned earlier, lack of parity does not 
necessarily imply inequity. NIo one knows to 
what extent the observed lack of parity reflects 
voluntary decisions on the part of women to 
forsake particular employment opportunities for 
more attractivl* opportunities. For exampltj. if 
some of,the women S/E's reported as unemployed 
havestrong location preferences, becauseof their 
husbands, or because they have young children 
- and cannot find satisfactory child-care arrange- 
■■ — ment«»7 the4rvfei^rtees-abou^equ+ty-ti^*t-n«f 
drawn Y rom the observed disparity in unemploy- 
ment'rates would be weakened considerably. 

Salaries* Salary similarities between men and 
women SIE% could be another indicator of equity 
in the S/E wbrk force. However, differences do 
not necessarily imply inequity. Salary differen- 
tials can reflect many^^fferences fn variables 
including field, type of employer, higher degree, 
age, work activity, and years of work experience. 
Thus, for example, in 1977 the median age for 
m^)e doctorate holders in S/E was 41 years and for 
women, 39 years. More importantly, in 1977, 
men with doctorates averaged 13.6 years of 
professional experienc^e, while the'average for 
women with doctorates was 9.2 years. In 
addition, a greater proportion of men' than 
women were engaged in management, the work ' 
activity generally paying the highest salary. 

Among doctoral S/E's, women had lower 
average salaries than men in 1977, Thus, for all 
fields, men with S/E doctorates earned $26,000 
annually; the comparable figure for women was 
$20,700. This same general pattern shows across 
al! S/E occupations (see figure 5-20) and acrOss 
types of employer and work activity (see Appen- 
dix tables 5-20 and 5-28 through 5-31). ^^^^ 

Part of the overall difference in salaries is 
attributable to differences in average age and 
T?xperience, the different fields in which men and 
women have tended to concentrate, and other 
differences. The* salary gap-narrows when com- 
parisons are made between men and women with 
the same educational level, of thesamt age, in the 
same field, or holding similar jobs. For example/ 
among doctoral S/E's, women under 30 years of 
. age had salaries only about 7 percent below those 



Niitional Science Foundation (NSK 79-30sS); p. 14. 

'Liumtional AHaiiimi'Htot X^orler^, Mtinh. 1970. Special Labor 
Force Report 1 93, U.S. Dupartmenl of Labor. Bureau of Labor 
SlatisUcs, 1970. 



Appendix tables 5-28 and '5-29 show salaries for all 
doctoral S/E's rather than for men only. However, from 
Appendix table 5-21 it can be neen that Kalaries for men art> 
quite similar to the combined data for men and v\;omen. 
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for men of the same age, while for all ages 
combined the difference was'^ approximately 20 
percent (see figure 5-21). As the career paths of 
men and women scientists become moresimilar, 
salaj;y differentials should continue to narrow. 

Science and Engineering Majors, Significant 
increases have.occurred in both the number and 
proportion of women receiving degrees in the 
sciences and engineering. For example, between 
1970 and 1976, the number of women receiving 
bachelor's degrees in science and engineering 



FIgura S-21 

Mtdlan innual talaritt of woman doctoral 
tclantlttt and anglnaart 
at a parcant of thoia for mam 1977 

(Percent) 
100 




All Over 60< 55- 50- 45- 40- 35- 30- Umttr 
ages 64 64 59 54. 49 44 39 . 34 30 



increased by almost 40 percent, from ■69,000tkfb 
96,000. For men, th^ increase was less than 1 
percent (195,200 to 196,600). As a proportion of 
all bachelor's degrees in S/E> those awarded to 
women increased from 26 percent in 1970 to 33 
percent in 1976 (see figure 5-22). 

Doctoral degrees in science and engineering 
awarded tp men declined by 11 percent (or about 
1,800) betw^een 1970 and 1977, primarily in the 
physical sciences and engineering. In contrail, 
the number of women receiving doctoral de^r^es 
in science and engineering increased by^more 
than 90 percent over the 1970-77 period, with 
increases noted in all the major fields of science 
and engineering. As a proportion 
doctoral Megrees, those awarded to 
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^ecen^ male S/E bacValaureates was 96 percent; 
for women, the rate was 91 percent. Tne labor 
force participation rate for women was con- 
siderably higher than the65 percent reported for 
all working-age women with 4 years ol college in 
1976. Clearly, women S/E graduates do seek 

r^emjioyment and are a significant factor in the 
supply of new scientists and engineers. 

The women baccalaureates, however, had a 
higher unemployment rate (10.9 percent) than 
men (7.4 percent) in 1976. The higher unemplby- 

Vinent rate for women may be related to the nelds 
I of study in which they major. Two-thirds of the 

women S/E baccalaureates received theirdegrees 

In the social sciences (includinft^ psychology), in 
which the unemployment rate was 11.4 percent. 
In contrast, only 1 percent of the women majored 
in engineering (compared to 27 percent of the 
men), which had an unemployrriegt rate of 3.5 
percent. Of the recent S/E graduates who found 
employment, the proportion of men finding jobs 
in science /ind engineering was significantly 
greater than that for women—51 percent for 

. men but only 29 percent for women. Thjs 
disparity reflects, to large degree, the fields in 
which women major. In .the physical sciences, 
roughly, the same proportion of women (61 
percent) and men (59 percent) found jobs in 
science and engineering. A similar finding was 
noted for engineering graduates (see figure 5- 
24). 

The indicators presented above suggest that 
there has been an uhderutililatioh of women in 
science and engineering. Sex differentials in 
unemployment rates and salaries may be evi- 
dence of con tinuing problems, especially for older 
women S/E's. Hpwever, the increasing propor- 
tion of S/E degrees awarded to ^omen, the 
increasing proportion of women in the S/E work 
force, and the narrowing of the male-female gap 
in starting salaries suggest that the problems may 
gradually be diminishing, 



increased from almost 9 percPnt in* 1970 t<f 18 
percent in 1977 (see figure 5-23). 

Transition from School to Work. Do the 

relatively immediate posteducational labor force 
experiences of men and women with' science 
education differ? Dat^ from a 1976 survey of 
1973-74 and 19^-75 graduates at the bachelor's 
and master's degree levels help illuminate this 
issue.5< The labor forc^ participation rate for 



^< '^Employment Patterns of Recent Entta^ts into Science 
and Engineering/' Reviews of Data on Science Resources. National 
Science Foundation (NSF 78-310). 



Minorities in Science and Engineering 

Population and Labor Force Participation. 

Only about 4 percent of. all S/E's 4n 1976 were 
members of racial minority groups. 5<> By way of 
contrast, about 8 percent of all professional and 



EJucaiional Attaitmrnt of Workers, March N7^, Special Labor 
ForceReport \93, U.S. DepartmentofLabor,Bureauof Labor 
Statistics, 1976. 

H Includes blacks, American Indians, Asian-Americans, 
and all other minority groups,. as well as those not reporting 
race Of the estimated 112,000 members of racial minority 
groups reported in 1976, about 9,500 or 5 percent were those 
who had not reported their race. 
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relatt^d workersMn 1976 were members of racial 
minority groups. About 40 percent of the 
minority S/E's were of Asian extraction, while 
blacks represented about 36 percent of all 
minority S/E's. Becauseof differences in dUtnbu- 
tion by field and educational attainment among 
blacks, Asian-Americans, and other itmiorities, 
treating racial minorities as a single tot^may be 
X quite misleading (see figures 5-25 and 5-26). Any 
analysis of minorities in science and engineering 
should distinguish, whenever possible, between 
blacks and persons of Asian extraction. ' 



The need for separate treatment is clear; the 
Scientists and engineers of Asian extraction 
include a dis*imctly higher proportion ^with 
doctorates than is found among the white 
majority, while the proportion of blacks with ^ 
doctorates is somewhat lower than tKat of whites , 
(see text taj^le 5-3). In recent additions to the 
doctoral-level S/E work force, the number of 
blacks grew more rapidly than the number of 
whites from 1973 to 77—35. percent increase 
versus 26 percent— but thesg increases were far 
below the 70 percent increase for Asians. These 
and other data show that Asian-Americans are 
^* well represented in the S/E work force and need 
no special attention. Because of data limitations, 
however, it is itot known whether or not tlt\^ ^ 
general statement applies to all the subgroups ^ 
within the Asian-A^nerican category. ^^-'.^ 
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Blacks present a quite different picture. 
Although blacks who become S/E's fare about as 
well as 4heir white colleagues, the number 
acquiring the qualifications to enter the S/^ labor 
force lags badly. Thea976 labor force participa- 
tipn rate of black (89 percent) was quite 
similar to that for tl«f white counterparts (91 
perceiitV"^ and w^s considerably above the 1#76 



rate for all blacks In thegeneralpopulatlon (about 
59 percent).** Of those black S/E's not in thelabor 
force, about two-fifths were social scientists. At 
th^ doctoral level, the labor force participation 
rate for black scientists and fehg^^ 
somewhat above that for their white colleagues 
(97 percent versus 95 percent).*^ 

Unem'ployment Hates. Unemployment among 
black S/E'8 is significantly higher than among 
whites. In 1976, black S/E^s had an S3 percent 
unemployment rate"; whites, .3.0 percent; and 
Asian-Americans, 2.8'6ercent. It is interesting 
that mo r e t han half u f^h e une mploy«l-btaet 



were social scientists, primarily sociologists and 
anthropologists. Thus, the relatively high un- 
employment among black scientists and 
engineers reflects tosomeextentthedistribution 
of blacks among the various fields of science. 
When psychplogy and the social sciences are 
excluded fron^ the analysis, black S/E's show an 
unemploymeftt rate of 4.9 percent versus 2.5 
percent forVvhites. 

At the doctoral level, black S/E's in 1977 
showed an unemployment fate (0.7 percent), 
somewhjit^ lower than that fgr whites x(l.l 
percent); while Asian-Americans reported a rate 
(1.5 percent) Somewhat higher than that for 
whites. This general pattern was noted across 
most major fields^of science, 

/ Salaries. Among . doctoral-kvel „ S/E's, bpth 
blocks and Asian-Americans reported 1977 
salaries that averaged 7 percent lower than those 
for their vyhite colleagues. With some exceptions, 
this general pattern Held across the major fields of 
science. Black biological scientists/5nd 
sociologists/anthropologists reported higher 
salaries than both whites and Asian- Americans in 
the same fields. Among psychologists, th^ 
highest annuaUalaries were reported by Asian- 
Americans (see Appendix table 5-20). 

As previously stated, salafy differ|M|ces can 
reflect many variables includin{^jg|W^ears of 
experience, ftelcl, type of emplofpF (industry, 
government, acade'mia, etc.), and primary work 
activity (R&D, teaching, etc.). 

Science and Engineering Majors. In 1977, only 
about 350 blacks r(»ceived thedoctorate in science 
and engineering fields, up from about 265 in 



DffhiM ^hilistital Tables. US. Siinilhh ami ttyjx^iir 
N«^0nnTSclenee Foundntion (NSF 79-3051 p. tS 



1970. 



^» bniilo\fmmi und Traiuiu^ Rcfiorl of the Prcauknf, I'^ys. U.S. 
Department of Labor, 1978. p. 193. 

DeUiiled Appmlix TMea. Ounailvristks of Dochmil Si'mili^tsamt 
Ltij^hurra inVic Ihiilcd SUilva. \977. N«ition«il Scieiuc FoiuuiiUion 
.(NSF 79-306). p. 24. 
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Table 5-3. Percent difttributlon of scientists jund^ngineers - 
by highest degree and minority group: 1976 

American 

♦ Level . Tot^ ' White Blacl<. Indian /^^j*^". 

^ Total 100 100 100 100. 100 

Doctorate 11 10 ■ 7 15 33 

Ma8ter».. .24 2.4 24 . 15 27 

Baccalaureate . . . . ^ . . . 62 63 ' 63 38 40 

• Otherfr 3 3 "2 12 1 

/ includes professionahnedlcal degrees^a8iociate degrees, a 

\^ NOTE: Percenls may not add to 100 because of rounding. 

^ ~ l<EFERENCE: Appendix table 5-27. 
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1974. In 1977, black» coriBtituted about 11 
pi?rcent of the total U.S. population but received 
only about '2.3 percent of all doctorates in science 
and engineering awarded to U.S. citizens^^^ 
Mortoverrblack^octorate recipient 
trated in the social science^ and psychology. In 
1977, for example, about two-thirds of theblacks 
who received doctorates in science and engineer- 
ing earned their degrees in social sciences and 
psychology; in contrast, the social sciences and 
psychology proportion of S/E doctorates earned 
by all U.S. citizcjns was about 38 percent. 

In 1976, bHuks represented about 9 percent of 
all students enrolled in institutions of higher 
education. Among science and engineering fields, 



however, black repVegentation was below 
average. For example, blacks represented ^6.6 
percent of those enrolled in the biological 
sciences, 5 percent of those in engineering, «ind 
4.3 percent of Ihdse in The physlcft^^ sclentes.^^ ^ 

Tne indicators presented a|)0ve Reveal that, 
blacks are underrepresented In science and 
engineering. The data also show that blacks have 
made progress toward achieving equity in the S/E 
work force. Nevertheless, substantially In- 
creased representation will require considerable 
time since it depends on more extensive develop- 
ment of the background skills needed for science 
activities prior to cotfege-efrtiy:^^ ' — " 



^^"^ Including noiKiti/en» on poi mancnt viB«i». Of the 350 
blacks earning S/U dcxlor.il degrees in 1977. about 40 were 
nontiti/ei^s on permtinent visiis. ^ • 



Fall Lnrollmntt in Higher EducaUoti, 1976, U.S. DepArtmentof 
Health, Educ«ition and Welf<ire, National Center for Educa- 
tion Statistics, 1978. ' * 

0^ See Womm ami Minorities i>i Sciemrattd Eti^inr^rin^, National 
Science Foundation (NSF 77-304), p. 14. 
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IHbtt M. National •xpandlturM for ptrformanot of RAD • 
poroont of gross natlonsl product <QNP) by country: 1M1*78 



* 



Year 



France 



Weat 

Qermarfy 



Japan 



United 
Kingdom 



United 
States > 



u.s.s.p. 



/Ratio of R&D expenditures to Qrosa National Product^ 



1 AAi 


1 Id 


KiA 


1 '^O 


0 '^0 


2 731 


NA 


4 Alio 


AO. 

1.40 


1 .^0 


1 A7 
1 .4 / 






9 RA 


J /VO/1 


1.55 


1 .41 


1 AA 
1 .44 


MA 




9 RO 


4 AHA 


I.0I 


1.0/ * 


1 .40 




9 07 


9 fl7 




2.01 


^1.7d 


1 .54 


MA 


9 Q1 








1.81 


1.48 


2.32 


2.90 


2.88 


1967 ; 


2.13 


1.97 


1.53 


2.33 


2.91 , 


2.91 


1968 


2.08 


1.97 


1.61 


2.29 


2.83 


NA 


■i t\/sf\' • 

1969 


1.94 


2.05 


1.65 


2.23 


f7-r^ 

Z.74 






1.91 


2.18 


1.79 


NA 


' 0 HA 




1971 


1.90 


2.38 


1.84 


NA 








1.86 


2.33 


1.8j5^ 


2.06 


Z.4J 


0.00 


1973 


1.77 


2.32 


1.89 


NA^' 


^.o4 


Q AA 


1974 


1.81 


2.26 


1.95 


; NA 




Q A^ 


1 975 .A 


1.82 


2.39 


1.94 


2.05 




Q AO ^ 


1976 


1.78 


2.28 


1.94 


NA 




0.55 




1.79 


2.26 


NA 


NA. 




0.4/ 




NA 


2:^8 


^ NA 


NA 
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Index of R«iD/GNP (1961 « 1.00) 






1961 


l.OU 


NA 


1.00. 


- 1.00 


1 nn 


NA 




I.Oo 


1.00 


1.06 - 


^ NA 


1 nn 


1 nn 


1963 


4 'I 0 

1.1^ 


1.13 


1.04^ 


NA 


1 OR 


1 OR 






1.26 


1.06 ' 


.96 


1 nn 


^ OQ 


1965 


1.4d 


1.38 


1\11 


NA 


1 HA 

1 .I/O 


1 OR 


1966 


1.47 


1.45 


1.06. 


,97 


1.06 


1.09 


1 967 " 


1.54 


1.58 


1.10 


.97 


1.06 


1.10 


1968 


1.51 


1.58 


1.16 


' .95 


1.03 


NA 


1969 


1.41 


1.64' 


il9 ^ 


.93 


1.00 ^ 


1.15 


1970 


.1.3$ 


1.7:1 


1.29 


NA 


.*96 


1.22 


1971 


1.38 


1.^ 


1.32 


NA 


.9.1 


1.25 


1972 ....... 


1,35 N 


1.86 


1.33 


86 


.89^ 


1.36 


1973 


1.28 


1,78 


1.36 


NA 


, .85 ^ 


.1.39 


1974 


1.31 


1.8-1 


1.40 


NA 


:85 


1.38 


1975 


1.32 


1.91 


' 1,40 


^.86 


V 34 


1.40 * 


1976 \ 


1.30 


1.82 


1.40 


NA 


.83 


1,34 


1977 


•1.30 


181 


TJA 


NA . 


.83 


1.31 


1978 


NA 


1.82 


NA 


NA 


. .82 


NA 



1 



(coritlnued) 
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Tiibltl«t.(Contlnu*d) 



West United United 

Year France Germany J^pan Kingdom States U.S.S.R. 

R&D expenditures (national cun^ency in billions)^ 



1961 - 4.6 

1962 5.4 

1963 6.4 

1964 8.3 

1965 9.8 

1966 10.8 

1967 ....... 12.2 

1968 ....... 13.1 

1969 14.2 

1970 15.0 

1971 ^ 16.6 

1972 18.3 

1973 19.8 

1974 23.6 

1975 26.2 

1976 29.^8 

1977 33.5 

1978 IsjA 

1961 328.3 

1962 367.2 

1963 412.0 

1964 456.7 

1965 489.8 

1966 532.0 

1967 574.8 

1968 630.0 

1969 734.0 

1970 783.6 

1971 ....... . 873.1 

1972 ^81.8 

1973 ....... 1,116.1 

1974 1.274 3 

1975 1.441.0 

1976 1,675.4 

1977 1.870:3 

1978 ........ fs|A 



NA 
4.5 
5.4 
6.6 
7.9 
8.8 
9.7 
10.6 
12.2 
14.8 



275.5 
319.3 
368.3 
438.1 
508.6 
576.6 
702.5 
877.5 
1,064.7 
1,355.9 



0.66 
^NA 
NA 
.77 
-HA 
.89 
.94 
1.00 
1.05 
NA 
-^-NA-- 



14.3 
1S.4 
^7^. 
18.9 
20.0 
21.8 
23.2 
24.6 
25.6 
25.9 
-fi6,a- 



NA 
5.2 
5.8 
6.4 
6.9 
7.5 
8.2 
9.0 
10.0 
11.7 
tan 



19:2 
20.5 
21^3 
24.6 
25.7 
27.1 
29.2 



•1.791.9 
2,215.8 
2,716.0 
2.974.6 
3.320.7 
NA 
NA 



1.31 
NA 
NA 
2.14 



28.4 
30.6 
32.7 
35.2 
38.6 
42.8 
47.3 



14.4 
15.7 
16.5 
17.4 
17.7 
18.3 
18.9 



Gross National Prod uct (national cuj^eney In billions) 



3^3.0 


19.852.8 


27.5 » 


y 523.3 


NA 


360.5 


21.659.5 


28.9 


563.8 


197.2 


382 1 , 


25.592.1 


30.8 


594.7 


206.8 


419.6 


29,661.9 


33.6 


635.7 


223.2 


458.2 ^ 


32.985.8 


36.0 • 


T588.1 


•242.1 


487^ 


38.876.0 


38.4 


753.0 


260.1 


493.7 


45,901.3 


40.4 


796.3 


282.0 


535.2 


54.582.1 


43.6 


868.5 


NA 


597.1^ 


64.520.8 


46.8 


935.5 


329.6 


679.0 


75.529.5 


51.5 - 


9B2.4 


362.6 


756.0 


83.167.9 


57.5 


1,063.4 


394.8 


827.2 „ 


• 96.888.4 


63.6 


1.171.1 


' 401.8 . 


920.1 • 


117.277.3 


73.6 


1.306.6 


429.4 


986.9 


139.256.5 


83.4 


' 1;412-9 


453.1 


1.032.9 


153.118.7 


104.1 


. 1.528.8 


471.8 


1,127.9 


171.34^.7 


123.5 


1.700.1 ^ 


498.6 


1J98.7 


190.134.5 


139.8 


t.887.2 


S27.6 


1.278.3 * 


NA 


NA , 


2.100.O 


NA 



^ Calculated from unrounded figures. « 

^ Gross expenditures for performance of R&D including associated capital expenditures excepl/^ 
for the United States where total capital expenditure data are not available. U. S. edtimat^s for the 
period 1972-77 show that the inclusion of capital expenditures would have an impact of less than 
one tenth of one percent on the R&D/GNP ratio. , 

NA ^ not available. ^ . 

NOTE: The latest data may be preliminary^or estimates. The French gfoss domestic p/oduct Is 
provided in place of the QNP for 1977. * ' 

SOURCES: Organisationjor Economic Co-operation and Development. /n/ernaWona/ Survey 
of the Resources Devoted to RAD (py Member Couritries, Iriteme^tional Statistical Years. 1963/64, 
1967, 1969, 1971, 1973 and 1975. Iriternatlonal Finariclal Statistics, Vol. 30 (May. 1977); Vol. 31 
(May* 1978): Vol. 31 (August. 1978); and Vol. 32 (January. 1979). ^ . 

France: Delegation Qenerale a la Recherche Sclentlfjque et Technique, unpublished statistics. . 
japan: Scientific Counceldr Embassy of Japan, Washington, D. C, unpublished statistics. 
United Kingdom: Science and Technology Department. The British Embassy. Washington, D.C.. 

• unpublished statistics. ^ 
West Germany: Bundesmlnisterlum fur ForsCheng und Technologies unpublished statistics. 
United States;' Science Resources Studies. National Science Foundation, unpublished statistics. 
U.S.S.R.: ^ober\V\f. CatDpbeW, Reference Source on Soviet RS(D Statistics, 1950' 1978. 1978. 



See figure 1-1. 
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Dibit 1-2. Q.E.R.O. In national ourrancy by aourot of funda: 1097*78 



, National currency (In millions) ^ Parctnt 

. X 1967 197\ 1973^ 1975 

Franco . . . 12.375f8 16 006.4 19.788.8 26.203. 1 

Total domestic ....... . . 11.965.0 15.427.1 19.1160 24.847.4 

Buf Inaas enterprise . 77: 3,696.5 5772871 7.563.7 10,234.0 

Qovernment and other . 8,068.6 9.699.0 11.532.3 14,6T3.4 

From abroad 410.8 579.3. 672.8 1.355.7 

Japan 606.293.0 1.345,919.0 2.147.726 0 2.974.573.0 

Total domestic 605.841.0 1.344,929.0 2.146.344.0 2.972.591.0 

Business enterprise ... . 380.794.0 893.380.0 1.318,6700 1.706.861.0 

Government and,ottier . 226,047.0 , 451.549.0 827,674.0 1.265.730.0 

Fronfi abroad 452.0 988.0 1,381.0 1,981.0 

United kingdom^ 941.8 1.081.9 1.322.6 2.152.2* 

Tot* domestic 906.6 1, 042.4 1,251,4 2,047.1 

business enterprise 405.2 461.9 571.7* 873.0 

Government and ottier . 500.3 5805 679 J , 1.174,1 

Ffjbm abroad 7 - 36.b 39.4 71.3 105.1 

Unireji ^tes* 22.453.0 27,527.6 30.410.6 36»695.0 

Dtal domestic ...^ 22.453.0 27.527.6 30,410.6 36,695,0 

Business enterprise ... . 7.356.0 10.813.0 12.890.4 15.985f6 

Government €Vid ottier . 15.097.0 16.714.6 ^ 17.520 2 20.909.2 

From abroad \..;>,. NA NA NA NA 

West Germany ^ . . . 8.337.3 15.609.0 ' 19,232 0 22.969.0 

Tbtal domestic .......... 8.297.4 15,470.0 ^19.019.0 22.461.0 

Business enterprise ... - 4.794.0. 8.572.0 9.357.0 , 11.514'.0 

Government and ottier s 3.603.4' 6.898.0 9.661.0 10,947.0 

Frorti abroad 39.9 139.0 213.0 608.0 



1967 


1971 


1973 


197S 


100.0 


100.0 


lOO.Ov 


100.0 


96.7 


96.4 


96.6' 


94.8 


31.5 


35.B 


38.3 


3971— 


65.2 


60.6 


58.3 


56,8 


3.3 


3.6 


3.4 


' 6.2 


100.0 


100.0 


100.0 


100.0 


99.9 


99.9 


99.9 


99.9 


^.8 


66.4 


61.4 


57.4 


37.1 


33.5 . 


38.5 


42.6 


.1 


.1 


J 


,1 


100.0 


"100.0 


100.Q 


100.Q 


96.2 


96.4 


94.6 


^ 96.1 


43.0 


42.7 


43.2 


40.8 


53.1 


53.7 


51.4 


54.8 


3.8 


3.6 


5.4 


4.9 


100.0 ' 


100.0 


100.0 


100.0 


100.0 


100.0 


100.0 


100.0 


32.8 


39.3 


42.4* 


43.0 


67.2 


60.7 


57.6 


57.0 


NA 


tlA . 


NA 


NA 


100.0 


100.0' 


100.0 ^ 


100.0 


99.6. 


99.1 


98.9 


97.8^ 


57.5 


54.9 , 


46.6 


60.1 


; 42.0 


44.2 


50.2 


47.7 


.5 


.9 


K1 


2.2 



' ^ All 1971 United Kingdom figures are from 1970. and 1*973 figures from 1972. 

United States' 1967 figures are from 1966. ' 

NA = not available. 

NOTE: Detail may not add to totals because of roundihg. ' . 

* < ' A ^ . ■ 

80URCE : Organisation for Economic Co-operation imd De\«loplf^ert^. Inf^rnational Survey of the R^ources Devoted toRiDby 
Membir countries Jnternatio^af Statistical Year$ ^9e7,J^^^ \' " . 

See figure 1-2. . ' ' ^ , ' Science Indicators— 1978 
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TktaiU 1*3. SciintUtt and •nglnMrt^ "tnoiO^ In RAO P«r 10,00Q labor forca populatlon» by country: 1M5-78 



Country 1965 1966 1967 1908 1969 1 970 J 971 1972^ ^i®^^ JI^^^ l^^l J.?!^ 

Scientists and engineers^ engaged In R&D per 10,000 labor torpe poputatioh ' 

Frahce ^^"^Ij^^^ 23jO^. 25.3 26^^47 272 27 3 27.8 28.1 28.4 28.8 29.3 29»9 NA NA 

West Germany • 22.6 ' 22,3 23.9 25.9 28 8 30.8 33.5 ^^ 35.7 , 37.4 38.2 39.4 40.0 40.5 NA 

Japan....- 24.6 26.4 27.8 31.1. 30.8 33.4 37.5 38.1 ,42.5 '^44.9 47.6 48.4 49.9 NA 

United Kingdom >21.4 NA NA J7.2 NA NA NA . 27.8 NA NA 30,6 ^ NA NA NA 

United States ! 64.1 66.1 66.1 66.9 66.1 63.6 60.6 58.3 56.8 56.3 56.4 56.7 57.4 58.0 

U.S.S.R. (low est) 44.8 47.1 50,7 53.5 56.5 58.4 63;0 66.5 73.5 74.5 78.2 80.7 81,9 NA 

U.S.S.R; (high est) . 48.2 51.4 55.3 • 58.8 62.1^ 64.2 69.1 73.2 81.5 82 .9 87.5 J^^^ 

• Scientists and engineers engaged in R&D (in thousands) 

France 42?$' Al^f^'^ l^A ^^^4^7 ^ - - ^ ^^^^ <^ ^ ^j^ 

West Qermany ..^ 61.0 60.0 63.0 68.0 76.3 82.5 ' 90.2 96.0 101.0 '102.5 103.9 l64.5 105.5 NA 

Japan .................... 117.6 128.9 1387 157.6 - - 157.1 1751*0 194.3 198.1 226.$ 238,2 - 255.2- 260,2 272.0 ! : NA^ 

United Kingdom 54.6 NA NA .43.6 NA NA NA 77.1 NA NA - 78.8 NA NA ' NA. 

United States... 494.5 521.1 534.4 550.4 556.6 546.5 526:4 518.5 517.5 525.4 534.8 549,9 571.1 595.0 

U.S.S.R. (low est) ? .521.8 556.5 607.TB 650.8 - 698.8 ^ 733.3 804,2 862.5 966.7 995.8 1,061.2 1,1137 1,147.8 NA 

U.S.S.R. (high est) 561.4 607.6 (B62.6 715.2 767.5- 806.9 881.8 950.1 ^ .072^ J,108^ JIJ87.6 1,254 NA 

' • ' Total labor force (in thousands) v _ _ 

France 20.381~^0,522^ ~21,465 21,638 21,817 22,083 ^^282 22,310 22,44a 22,468 NA 

West Germany 27,034 26,962 26.409 26,291 26,535 26,817 26.910 26.901 26,985 26797 26,39? 26,148 26,051 .NA 

Japan . . & 47,870 48,91Q 49,830 50,610 50,980 51.530 51,^60 52,000 53,260 53,100 ^ 53,230 53780 54,520 NA 

United Kingdom ...o^...... 25,498 25,632 ^25,490 25,3^8 25,370 25,3.60 25,123 25,194 25,545 25.602 25,795 26,093 26,327 NA 

United States 77,178 78,893 . 80,793 82tf72 84.239 85,903 86,929 88,901 91,040 ' 93,240 94,793 96,917' 99,534 102,537 

U.S.S.R.,: 116,494 118,138 119.893 121716 123,584 125,612 127,672 129.722 131.610 133.600 135.767 137,987 140J40 NA 

; . . . , '—i. -. . _____ . . : ^ ■ . , '■ ■ ■ ■ • ^ 

• ^ Includes all scientists and enginee)s engaged in R&D on a full-time-^ulva 

R&D and the United Kingdom whose data include only the {government and industry sectors). ^ - ^ :• * 

NA = Not available- , ■ . 

N0T6: Estimates are shown for most cowtflJl^s^or latest years and for the United States for 1966 and 1967. A range has been provided for the U.S.S.R.^f » 

because of.the difftoulties inherent in comparing Soviet scientific personnel data. ^ * 

SOURCES; Organisation for Economic Co-operation and Development, Labor Force Statistics, 1965-1976 (Paris: OECD, 1 978), p. 23. and August 1 978 
Quarterly Supplement: Department of Labor, Emp/oKwenf and 7^a/n/nJ;Wepo/t of f/?ePres/^^ 

France: Delegation .Qenerale a la Recherche Scientifique et Technique, unpublished statistics, 
Japan: Scientific Councelor Embassy of Japan. Washington. D.C.. unpublished statistics. 

United Kingdom: Science and Technology Department, The British Embassy, Washington, D.C., unpublished statistic^, y . ^ 

West Germany: Bundesmlnisterlum fur Forschung und Technologle, unpublished statistics. 

United States: National Science Foundation, Nationai Patterns of RiD Resources, 1953-1978-79, (NSF 78-313), 1979, p. 45. 

U.S.S.R.: Dr. Robert W. Campbell, Reference^ Source onSoviet^RAD Statistics, 1950-1978, 1978Land Steven Rapawy, Ektiwates and Projections of the 
Labor Force andlDiviiian Empioyment in the U.S.S.R., 195dto1990, Foreign Economic Report f^6. 10, (Washington, D.C.: Department of Commerce, 

• 1976),p.19. ^ . 

See figure |-3. -Scle|lce Indicators— 1978 
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Thblt 1-4. E9tlmaf»d ratio of civilian R&O txpandlturot^ to 
groaa national product (QNP) for aalaotM oountrlaa: 1961-76 



Year 


France 


West 

Germany 


Japan 


United 
Kingdom 


United 
States 


Estimated civilian R&D expenditures as a percent of QNP 


1QA1 


0.97 


NA 


J — 
1.37 


1.48 


1.10 


1962 


, 1.03 


1.14 


1.46 


NA 


.97 


1963 


1.10 


"1.26 


1.43 


NA 


.81 


1964 


1.34 


1.38 


1.47 


1.46 


1.02 


1965 


1.37 


1.53 


1.53 


NA 


1.00 


1966 


1.40 


1.62 


1.47 


1.58 


1.10 


1967 


1.50 


1.70 


1.51 


1,68 


i:'23 


1968 l. 

1969 


1.54 


1.72 


1.60 


1.70 


1.37 


1.49 


1.81 


1.64' 


f.69 


1.47 


1970 


147 


1.96 


NA 


NA 


1,52 


1971 


1.37 


2.16 


NA 


NA 


1.41 


1 972 


1.39 


2.13 


' NA 


1.49 


1.44 


1973 . 


1.30 


2.01 


NA 


NA 


1.47 


1974 


1.34 


2.27 




NA 


1.46 


1975 


1.41 


2.20 




1.50 


1.42 


1976 


1.42 ■ 


2.09 


N» 


NA 


1,39 




Estimated civilian R&D expenditures^ (national currency in billions) 


1961 


. ... 3.2 


* NA 


272.3 


0.41 , 


'5.75 


1962 


3.8 


4.1 


316.3 


NA 


5.49 


1963 


4.6 


4.8 


365.7 


NA^ 


4.81 


1964 


6.1 


5.8 


434J 


.49 


6.50 


1965 ' 


67 


7.0 


504.0 


NA 


6.90 


1966 


7.4 


7.9 


570.5 


> .61 


8.27 


1967 


8.6 


8.4 


695.4 


.68 


9.Bi 




9.7 


9.2 


071.9 


.74 


11.89 


1969 


109 


10.8 


1.056,1 


.79 


13.74 


1970 


11.6 


13*3 


NA 


NA 


14.91 


1971 


12.0 


16.3 


NA 


NA 


14.98 


1972 


13.6 


17.6 


NA 


.95 


16.81 


1973 


14.6 


18.5 


NA^, : 


NA 


19.16 


1974 ^ 


i7:i 


20.4 


2,663.1 


NA 


20.60 


1975 


20.3 


22.7 


NA 


1.56 


21.68 


1976 


23.7 


23.6 


NA 


NA 


23.66 



(continued) 
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lkibl«1-4. (Continued) 



^ West United United 

^^^^ f '^"^o^ Qermany Japan Kingdom States 

G ross national pr oduct (national currency In billions) * 

1961..- 328.3 333.0 19,85Z8^ ~2^^ 523^ 



A962^ ..__367,2— 360.6 2\^S 28.9 

1963 \ 412.0 '382.1 25,592.1 30.8 6945 

1964 466.7 419.6 29,661.9 33.6 635.7 

1965 489.8 458.2 32.985.8 36.0 686.1 

1966 532.0 M87.4 . 38.876.0 " , 38,4 753.0 

1967 574.8 493J 45*901.3 40.4 796.3 

1968... 630.0 535.2 64,502.1 43.6 868.5 

1969 734.5 597.7 64.520.8 46.8 935.5 

1970 783.6 679.0 75,529.5 51.6 982.4 

1971 873.1 768.0 83,167.9 67.5 1,063,4 

1975..... 981.3 ,827.2 96,888.4 63.6 1,171.1 

1973..... 1,1.16.1 920.1 117,277.3 73.6 1,306.6 

1974 1.274.3 896.9 139.256.5 83.4 1.412.9 

1975 1,441.0 , 1,032.9 1 53,118.7 104.1 1.528.8 

1976 1,669.3 1,127.9 171.342.7 123.6 1,700.1 



* National expenditures for R&D, excluding Qovernment funds for defense and space. 
^ Gross expenditures for performance of R&D Including associated capital expenditures, ex- 
cept for the United States, where total capital expenditure data are no! available. 

i ' ^ 

NA Not available 

NQi;^The latest data from Iheso sources may ^ preliminary or estimates. ^ 

SOURCES: Calculated from Appendix table M and Organisation for Economic Coopelratlon 
and Developm©nt.*C/>ang/>7g Priorities for Government R&D (Paris: OEtD, 1975), and OECD, 
International Survey of the Resources Devoted to R&D by Member Countries. International 
Statfstlcat year — 1973: The Objectives of Government R&D Funding 1970-76 Vol 2B (Paris: 
OECD, 1977). . ^ 
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Tkblif l^S* .Citimntod difttrlbutlon of Qovvrnmvnt RA O •xp«n(|ltur«t 
amdhg stl^ct^d nattonftl ob)Mtlvtf^ by country: 1W1-77 



National 
delenso 

France 

1961 1,310.0 

— m7^7r:r~T77rfr— -. — 3:062:0- 
1972 3.050.0 

1975 . . 5.000.0 

1976 fS,200.0 



1961 44 

1967 35 

1972^ ^28 

1975 ' 30 

Japan 

1961-62 ^ 3.162.0 

1965-66 . . 4,495.0 

1969-70 6,523.0 

. 1974-7? 15.809.0 



1961-62 

1965- 66 

1969-70 

1974-75 ..... 

piled Kingdom 

1961-62 

1966- 67 

1972-73 

1974- 75 

1975- 76 



1961-62 
1966-67 
1972-73 
1^74-75 
1975-76 



4 

3 
2 
2 



Space 



16.5 
-^-"622:8- 
730.0 
942.2 
907.4 



Energy Economic 
production development Health 

National currency in millions 

735.0 231.6 13.0 

— 1-1^1- 



.1 

6 
7 

6 
5 



141.0 
2.083.0 
3^:090.0 



-1 ,723.2 

1,600.p 2,200.0 200.0 

1.453.0 4,329.4 6Qp.2 

1.^505.2 4,031.1 755.9 

Percent distribution 

25 8 P) 

20 16 1 

15 20 2 

9 26 4 

9 .23 .4 

National' currency in rTiillions 



Community 
services 



12.7 
^1.0- 



Adyancement 
of 

krtowledge^- 



592.3 
0.258^- 



^ 5.881.0 
4,944.0 
•22,539.0 
59,409.0 



25.4460 
.44,890.0 

69,987.0 
•161,796.0 



724.0 
3.679.0 
5,492.0 
21,424.0 



1 

5 



Percent distribution 

7 30 ' 1 
3 27 2 

8 23 2 
8 23 3 

National currency in millions 



170.0 
328.7 
398.4 



(^) 
1 
2 
2 
2 



1,071.0 
2,818.0 
7,254.0 
18,129.0 



1 

2 
2 
3 



2,800.0 
4.072.2 
4,432.6 



20 
20 
26 
24. 
26' 



47.321.0 
103,163.0 
185,376.0 
388.700.0 



56 
63 
61 

55 



248.6 


2.7 


56.6 


37.9 ' 


' 5.7 . 


' 0.7 


26.0 


260.4 


21.4 


65.2 


70.9 


13.3 


2.2 


58.4 


336.8 


15,3 


69.6 


182.8 


39.1 


8.3 


. 121.8 


503.1 


22.5 


68.6 


230.6 


22.6 


13.1 


214.9 


553.5 


27.0 


87.0 


283.3 


31.8^ 


17.9 


237.1 








Percent distribution 








65 


/ 1 


15 


10 


2 


(3) 


7 


52 


4 


'13 


14 


. 3 


{') 


12 


43 


2 


9 


23 


5 


1 


15 


47 


2 


6 


21 


2 


1 


V 20 


46 


2 


7 


20 


3 


2 


. 20 
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Ihblel S. (Continued) 



I. 

^ National 
clelongo 

United State$«» v 

1961 62 7.338 5 

1^6fi:.67 ^ 8.264,8— _ 

1971;72 8.584.7 

1974-75 9.620.9 

1976-77 11.987.1 

ia61-62 71 

1966-67 49 

1971-72 53 

1974-75 51 

1976-77 51 

West Germany 

1961 381,0 

1966 803.0 

1971 1.180.0 

1975 1.405,0 . 

1976 1.490.5 

1961 22 

1^66 ; 1^ 

1971 >^ f5 

1975 i 11 

1976 ' 12 



Space 



1 .225.9 
■-5.307.0 



2.957.6 
2.511.3 
2.940,3 



12 
32 ' 
18 ' 
13" 
13 



1|tf77.0 
^22-0 

.539.9 
600.8 



4 
6 
4 

5 



Energy 
proditction 



Economic 
dovetopment 



Health 



Community 
services 



Advancement 
01 

knowledge^ 



■ National currency In millions 






755.0 


' 339.1 


500,6 


99.d 


118.2 


8750 


792.3 


9fiflfl 


321,1 


308.6 


838.0 


1.322.1 


1.379.8 


729,2 


465.4 


1.163.9 


1.784.2 


2.247.4 ^ 


954.6 


761.9 


■2.097.9 


2.058.5 


2,351.9 


1.097.1 


964.> 




Percent distribution 








7' 


3 


5 


1 


v 

1 


5 


5 


6 


2 


2 


5 


6 


d 


5 


3 


6 


9 


12 


5 


.4 . 


9 


9 


10 ' 


5 


4 


National^currency In mlll|ons 






267.0 


NA 


NA 


NA 


639.0 


.693.X) 


NA 


NA 


NA 


1.488.0 


1.230,0 


1.057.0 


195,0 


133.0 


3.190.0 


1.342.9 


1.729.5 


414.6 


748.7 


6.430,7 


1.411.9 


1.721. 


'448.1 


670.8 


6.6K5 




Percent distribution 










NA 0 


NA 


NA 


' 37 


• 16 


NA 


NA 


NA , 


35 " 


' 16^ 


13 


3 


2 


41 


11 


14 


3 


6 


51 


.11 


13 


3 


5 


51 



' See Appendix table 1-6 lor the components of these objectives^ 
2 Excludes general university lunds for the United States. 



^^Less than 0.5 percent. 

Later estimates indicate that French defense-related R&D exfjendltures In 1972 were about 32 percent and space R&D. 6 
percent of Itie total government expenditures. _ 

^Function categories are not the same as thos^ of Appendix table 2-16; e.g.. "Advancement Qf knowledge ' does not equal 
'Science and teifhnology base." . . 

NA - Not available. * v 

NOTE; Percents may not total 100 because of exclusion of the category "Not specified ' and/or due to rounding. 

SOURCE: Organisation for Economiq Co-operation and Development. ChangingtPriorfties for Government D (Paris: OECD. 
M975), and OECD. International Survety of the Resources Devpfed to R8,Dby Member Countries, International StatisticahYear rr- 
1973: The Objectives of Government R& D Funding, 1970^76 Vol. 2B (Paris: OECD. 1977). 



See figure 1-5, 
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1 



55 



Ikbit 1HI,-CI«MHIoiVon<»f Qov«mm#nt R*D^xp«n<Hlu 



, r Caltgo^ ' Cpmponenta 

National (t^fenae RftD directly related to military purposes, Including spaoe and nuclear erniFgy actlyltles of a 

military character 

Space ]^ Civilian space R&D such as manned spaoe Night programs anctaoientlflo Investigations Hi 

space. 

Energy production R&D activities aimed 9\\ the supply, production, conservation, and distribution of all forms of 

energy except as rneans of propulsion for vehicles and rockets. 

- ■* ' • 

Economic development R&D in a wid^ range of fields Including: agiicutture. forestry, and fishehea; mining ahd 

manufacturing; transportation, telecommunications (including ijatell|te communications) » 
construction, urban and rural planning, and utilities. 

"Health~r; TTT T ...... rT"~7~7~, R&D"in ail of the medical sciences, and~ln health seivice management directed toward the 

protectiori and improvement of human health. . 

Community services R&D for such purposes as environmental protection, educational methods, social and 

development services, fire and othep disaster prevention, planning and statliiitlcs, recrea- 
tioh and culture, law and order. 

Advancement of knowledge R&D of a general nature or spanning several fields which cannot be attributed to specific 

objectives; It consists of R&D expenditures of science councils and private nonprofit 
institutes. Qeneral university funds are Included for all countries except the United States. 



les ^ 



Table 1-7. Industrial R&D expenditures as a percentage of the domestic product of 

Industry: 1967-75 

(National currency In millions) 

_ BERD/DR 

I Country BERD» DPI' (in perceril) 

United Stales 

M967 $16,386.0 $659,200 2.49 

1971.. 18,314.0 862.700 2.12 

1975 . 24J64.0 1,223.200 - 1.98 

United Kingdom 

1967 604.5 30.212 2.00 

1971 697,4 NA NA 

1975 1,340.0 76,739 ' . 1.75 

Was! Germany ^ 

1967 5.682.9 444.070 1.28 

1971 10,621.0. • 682.350 1.54 

1975 14.469.0 . &1 2,660 1.59 

France ' ■• 

1967 6.292.0 442 JOO 1.42 . 

1971 8.962.1 695.297 1.29 

1975 15,617.0 • 1.140,204 ^ 1.37 

1967-.-.^.... 378.969.0 » /45.315.600 .84 

1971 895.020.0 80.914,400 ' 1.11 

^975 1 .684.846.0 141.1 73,000 1 . 1 9 

' Business enterprise R&D (total Industrial R&.D expenditure.) 

2 The domestic pfoduc! of industry. . . . ^ 

NA * No! available . ^ ' 

NOTE: The industrial R&D ex^ditures (bERD) and the domestic Industrial product (DPI) . 
figures are shown In millions of national currency. ^ 

SOURCE: Organisation of Economic Co-operation and Development, International Survey of 
the Resources Devoted to R&Db)^Member Countries, International Statistical Year, 19T1, and 
special tabulations, 1978. linpubllshod. 

^See figure 1^6. ^ ** Science lndlcatorS'-1978 
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Tublft 1-8. RAD performed In the business enterprise sector by source of funds: 1967-75. 



^ * Notional currency (In millions) 

Country 1967 1971 ^ 1975 

frmie /, : 6.713.b 8.962.1 16.616.5 

Ibf^il domestiq' 6.422.5 8.439.9 1 4.393.5 

Business enterprise < 3.819.1 5.525.6 9.965;8 

Government 2.602,3 2.939.9 .4.376.8 

Private non-proNt 1.1 21.0 V 47,2 

Higher education , , 7, A 3.7 

Foreign j - j - -^1-.^^ 291.1 _468.2 L?23^ 

Japan 378.970,0 895.020.0 1 .684.847,0 

Total domestic 378.890.0 894.192.0 1.683.201,0 

Business enterprise 375.112.0 876.607.0 1.651.984.0 

Government 3.288.0 1 7.585.0 28.649.0 

Private non-profit 374.0 2.514.0 

Higher education llt.O — ^4.0 

Foreign 8^0 827,0 1 .647.0 

United Kingdom^ , Q24.4 697.4 1.340,1 

Total domeistic 601.1 664 8 1,255,4 

Business enterprise 387,6 > 433.8 841.3 

Government 200.9 227.7 • 414.1 

Private non-profit 12.6 3.3 — 

Higher education — — — 

Foreign 23.3 32.6 84.7 

United Slates^ 15.541.0 18.314.0 24.164.0 

Total domestic . / 15.641,0 18.314.0 24.164.0 

Business enterprise 7.254.0 10.643.0 15.559.0 

Government 8.287.0 • 7.671,0 8.605.0 

Private non-profit — — — 

Higher education — — — 

Foreign — * ™- , — 

West Germany 5,682.9 10.5210 14.469.0 

•Total domestic 5,^54.1 10.383.0 14.005.0 

Business enterprise 4.652,3 8.449.0 1 1 .397.0 

Government 986,8 1.915,0 2.596,0 

Private non-proflt 1 5.0 1 9.0 1 2.0 

Higher education — — — 

Foreign 28.8 138.0 464.0 

' V 

' l-ess than 500.000. _ ^ 

^UnltedWngdom 19*71 Uguresare from 1969/70. 

^U, S: 1 967 figures are from 1.966. 

^Current expenditures plus depreciation only 

NOTE: Details may not aaPto totals because of rolmding. 



Percent 
1967 1971 



100,0 
95:7 
56.9 
38.8 
V) 

4.3 

100.0 

100.0 
99.0 
.9 
.1 

C) 
(') 

100.0 

96.3 
62,1 
32.2 
2.0 

3.7 

100.0 
100.0 
46.7 
53.3 



100.0 
94.8 
61.7 
32.8 
.2 
0,1 
5.2 



100.0 
99,9 
97,9 
2.0 



.1 

100.0 
95.3 
62,2 
32.6 
,5 

4,7 

100,0 
100.D 
58.1 
41.9 



1976 

100.0 
92,2. 
63,8 
28.0 
.3 

7.8 



100.0 
99.9 
98.0 
1.7 
.1 

.1 

100.0 
93.7 
62,8 
30.9 



6.3 

100.0 
100.0 
64 4 

35.6 



100,0 


100.0 


100.0 


99.5 


98,7 


96.8 


81.9 


80.3 


78.8 


17.4 


18.2 


17.9 


.3 


,2 


.1 


.5 


1.3 


3.2 



SOURCE: Organisation of Economic Co-operation and Development, /nfemaf/oha/ Survey of the Resources Devoted to R^iDby 
Mehiber Countries, International Statistical Years. 1967. 1971, and 1975. Total Tables; J Paris; OECD). 



See figure 1-7, 
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Iteble 1-0. U.S. and world tclentlflo and technical artlclta^ by fitid: 1973-77 



Fiold^ / ^1973 1974 1975 1976 1977 

U. S. articles as a percent ol all articles 

All fields' 39 39 . 3B 38 • 38 

Clinical medlctno 43 43 43 43 43 

Biomedlclne '39 38 3? .39 39 

Biology ^ 46 46 45 44 42 

Chemistry 23 22 i2 2it ^ 22 

Physics : 33 33 32 31 '3 30 

Earth and space sciences '47 47 44 46 48 

Engineering and technology - 42 42 41 41? 40 

Psychology 76 75 75 ^ 74 74 

Mathematics _ 48 46 .If ..... L^^. 

Number ol U.S. art(c^jf^ 

Alllields ' 109.31> 105.760 102.432 To5.262 102.955 

Clinical medicine 32.638 31,691 31,334 32,920* 33.516 

'Biomodlclne 16.115 15,607 15,901 ,16.271 16,197 

Biology ' 1 1,150 10.700 10,400 10,573 9.904 

Chemistry 10,474 9,867 9,222 9,337 8,852 

Physics 11.721 11,945 11,363 11,502 10.995 

Earth and space sciences 5.591. 5,371 4,975 45.537 5,197 

Engineering and technology 1 1i055 11.088 10.431 ^0.346 10.081 

Psychology. 5.540 5,694 5,15^ 5,292 5.102 

Mathematics' _ ^•''31._?LZ?.7L_...M5i^ Mi?.^ 

Number ol a^ll articles _ - 

Alllields 278.819 272^679 267,783 274.525 270.576 

Clinical medicine 76,209 . 74.509 73,485 76,599 -77,597 

Biomedlclne 41.155 40,632 41,244 41,891 41.388 

Biology 24.047 23,4 1 4 23.260 23,905 23.757 

Chemistry 45,004 44,529 42.502 42,773 40,734 

Physics : 35,864 35.708 35,104 36.902 36,057 

Earth and space sciences 11.977 11.479 11,356 12,011 11,531. 

Engineering and technology 28.617 26.600 25,664 25,146 - 25,063 

Psychology 7.306 7.549 6,875 7.171 6,877 

Mathematics 8.639 8.259- 8.293 8, 1 27 7.573 



* Based on the articled, notes, ahd reviews In over 2. 1 00 of the Inlluentlal journals carried on the 
1973 Science Citation Index Corporate Tapes of the institute for Sclentilic Information. 
^See Appendix table MO for the subflelds Included In^ these fields. 

3 When an ailicle authorised by sciolists and engineers from more than one country, that 
article is prorated across the^countries Involved. For example, if a given article has several authors " 1- 

from France and tkie United States, It Is split V2 to Fraiiceandl^ to the Unlted^States, regardless of 
the number of actual authors from these countries. " -^^.^ ^ 

NOTE: Detail may^ not add to totals because of rounding. 

SOURCE: Computer Horizons. Inc.. unpublished data. ^. * ' 



See table 1-1 in text. 
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Dibi« 1*10~ Pltldt and iut^fltldt t>f inttrnfttional •bbntlfio^i^^^^ 



Clinical m9<jjcine 
Qenerol and IntornnI mddiclne 
Alldrgy 

Anesthesiology 
Cancor 

Cardiovascular system 
Dentistry 

Dermatology & venereal diseases 

Endocrinology 

Fertility 

Gastroenterology 
Qoriatrlcs 
Hematology 
"^Immunology \ ' 

' Obstetrics & gynecology 
Neurology & neurosurgery 
Ophthalmology 
Orthopedics 
Arttultis & rheumatism 
Otorhlnolaryngology 
Pathology 
Pediatrics 

Pharmacology ^ 

Pharmacy 

Psychiatry 

Radiology & nuclear medicine 
, Respiratory system 
Surgery 

ll'oplcal medicine 

Urology 

Nephrology 
' Veterinary medicine 
'Addictive diseases 

Hygiene & public health 

Miscellaneous clK)ical medicint) 
Biomedical research ^ 

Physiology / 

Anatomy & mprphology 
'Embryology , 

Genetics & heredity 

Nutrition & dietetics 

Biochemistry & molopular biology 

biophysics 

Cell biology, cytology & histology 

Microbiology 

Virology 

Parasitology 

Biomedical engineering^ 

Microscopy 

Miscellaneous biomedical research 

General biomedical research 
Biology 

General biology 

Gisneral zoology 

Entomology 

Miscellaneous zoology 
• Marine biology & hybridology 

Botany 

Ecology 

Agriculture & food science 
Miscellaneous biology 



Cr^emistry 
Analytical chemistry 
Organic chemistry f 
Ihorganic * nuclear chehjjatry 
Applied chemistry 
Qendral chemistry 
Polymers 

Physical chemistry 
Physics 

Chemical physics - 

Solid state physics 

Fluids & plasmas 

Applied physics 
— Aiirousttcs ] 

Optics 

General physics 
Nuclear & particle physics ' 
Mlscellaneo|ja physics 
Earth and space science 
Astronomy & astrophysics ( 
Meteorology and atmospheric science 
Geology » 
Earth & planetary science 
Geography . 
Oceanography & limnology 
Engineehng and technplogy 
Chemical engineering 
' Mechanical engineering 
Ciyil eNgineerIng 

Electrical iangineerihg |i electronics 

Miscellaneous engineering & technology 

Industrial engineering 

General engineering 

Metals & metall|irgy 

Materials science ' 

Nuclear technology 

Aerospace technology \ 
Computers 

Library & information science 

Operations research & management science 
Psychology ' 

Clinical psychology 

Personality & sociarpsycholoay 

.Dev^ipmental & child psychology 

"Experimental psychology 

General psychology 

Miscellaneous psychology - 

Behavioral science 
Mathematics 

Algebra 

Analysis^ functional analysis 

Geometry 

Logic 

Number theory 

Probability f< 

Statistics 

Topology 

Computing theory & practice 
Applied mathematics 
Combinatorics & finite mathematics 
Physical mathematics 
Generai'hiathematlcs 
Miscellaneous mathematics 
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Tlibit 1-11. Cltttlon ratlot to U.S. •ckntlfio and tfchnloal artlclo^ by flald, from U.S. 

undnon-U.S. tuthort: IWS-T? ^ • 

pj-^l^j , "7 ^973 ^^[^ 1975 1976 

Ratios for all articlos citing U. S. articles ^ 

Allllelds..> ^ 1.28 1.30 1.30 1,29 1.30 

Clinical medicine 1 31 1.30 1.29 1.29 , 1.28 

Blomediclne 1 .36 1 .38 1 .36 1 .36 M .35 

Biology 1.13 1.l53 1.12 1.15 , 1.17 

ChemlstrV 154 1.65 1.66 1.58 1.57 

RhyslGtt^^^^.^^^^..,^.-.^-^^. U40 ^t41— -X41 XM} 1.41 

EArth and space dciences 1.25 1.25 1.28 1.24 1.28 

Engineering and technology . l|l1 1.20^ 1.14 1.18 1.18 

Psychology........ ^ 1.02 1.04 1.01 * 1.06 1.06 

Mathematips 1^4 116 1.18 1.18 1.:^0 

Ratlbf lor U.S. articles citing U.S. articles 

All (lelds 

Clinical medicine 
Blomediclne .... 



Mathematics . . 

All fields 

Clinical medicine 
Blomediclne — 
Biology 



Engineering and technology 

Psychology 

Mathematics 



1.51 


1.51 


1.50 


1.50 


1.51 


1.50 


1.47 


1.46 


1.45 


1.44 


1.49 


1,49 


1.47,. 


1.47 


1.45 


1.36 


^1.35 


1.33 


1.36 


1.41 


1.94 


2.04 


2.06 


1.99 


1.97 


1,^0 


1 58' 


1.59 


1.61 


1.61 


1.38 


1.36 


1.39 


1.35 


1.40 


1.44 


1.49 


1.42 


1.45 


■ 1.45 


1.05 


1.07 


1.04 


1.08 . 


1.08 


1.25 


1.27 


1.28 


1.28 


1.32 ' 


Ratios for non-U. S. 


articles citing U.S. 


articles 


1.13 


1.15 


1.15 


1.15 


1.15 


1.16 


1.15 


1.15 


1.15 


1.15 , 


1.26 


1.28 


1.27 


1.27 


1.26 


.94 


.96 


.96 


.98 


1.00 


1.3? 


1.48 


1.49 


1.42 


1.42 


1.28 


1.31 


1.30 


1.29 


1.31 


1.12 


1.14 


1.15 


1.12 


1.16 


.91 


1.00 


.97 


1.02 


1.02 


.97 


.98 


.95 


1.00 


1.01 


1.03 1 


1.05 


1.08 


1.09 


'1.11 



- ^ Based on the artlclesj notes, and reviews in over 2.100 of the inffuential journals carried On the 
1973 Science Citation index Corporate Tapes of the Institute for Scientific Information. When an 
article is authored by scientists and engineers from more than one country, that tfrficle Is prorated 
across the countries involved. For example, if a given article has several authors from France and 
the United States, it is split V2 to France and V2 to the Unlt^ States, regardless of the number of 
actual authors from these countries. 
^See Appendix table 1-10 for the subfields inclqded in these fields. 

^A citation' ratio of 1.00 reflects no Over- or under-citing of the U.S. scientific and technical 
literature, while a higher ratio indicates a greater influence than would have been expected from 
the number of U.S. publications alone. In the case of chemistry, for example, th^ United States 
received 57 percent more citations from the 1977 literature than could be accounted for by Its 
share of the world's chemistry literature. 

SOURCE: Computer Horizons, Inc., unpublished data. 

See table 1 -2 in text. Science Indicators— 1978 
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Dibl« M2. U.S. pattntp grvnUd to Invtntora from MlMUd countriM, 
by d«U of grant and nationality ot Invntor: 1966-77 



Country 


1966 


1967 


1966 


1969 


1970 


1971 


1972 


1^73 


1974 


? 1975 


1976 


1977 


Ibtal 


. 68.408 


65.65^ 


59.103^ 


67.5TO 


64.432 


78.320 


74.8 Itf 


74.148 


76.281 


T2.O29 


70,223 


65.216 


United States 


. 54.636 


51.27^ 


45.783 


50.398 


47.077 


55.979 


51.519 


51.509 


50.648 


46.731 


44,281 


41.452 


Foreign 


. 13.772 


14.378 


13.320 


17.162 


17,355 


22.341 


23.294 


22.639 


25.633 


25.298 


25.942 


'23.766 




. 3,961 


3,766 


3.442 


4,523 


4.434 


5.519 


6.728 


5.688, 


6,157 


6.039 


6.178 


5,533 




1,122 


1.424 


1.464 


2.152 


2.626 


4.032 


5,153 


4.939 


5.889 


6.353 


6.537 


6.211 


United Kingdom 


. 2,674 


2.800 


2.481 


3.178 


2.9&4 


3,468 


3,170 


2,864 


3.145 


.3.046 


2.991 


2.1B51 




1.435 


1.558 


1.446 


1.808 




2.215 


2.231 


2.143 


2.665 


2.367 


2.408 


2.107 


Switzerland ^ 


963 


946 


822 


1.058 


M12 


1.2Q1 


1.305 


1,326 


1.453 


1.457 


^ 1.475 


1.346 




938 


991 


897 


994 


1,065 


1.326 


1,244 


1.345 


1.326 


1,296 


1.192 


1.219 


U.SSR 


66" 


<i15 


95 


159 


218 


334 


355 


382 


492 


421 


426 


394 


Other E.E.C. countries' 


783 


^21 


744 


937 


928 


1.203 


1.194 


1.157 


1.294 

. a ^ 


1.073 


1.292 


1,150 



. ' other European Economic Community (E.E.C.) countries Included here are Belgium, Denmark. Ireland, Luxembourg, and the 
Netherlands. Data for Italy are no! comparable for use In this indicator 

SOURCE: Office of Technology Assessment and Forecast. U S. Patent and Trademark Office. Special Report: A Profile of (7. S. 
Patent Activity. 1963-77, 1978. ' 



See figure 1-8. 
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TibI* 1-13. Numbtr of U.S. paUnts qrartt«cl to MltcUd foreign oountrlti* 
by product fitid forint ptrlod 1 963-77. 



VI, 



i3.ftl^i;( 54,6.4* 24,475 13.370 
11J5*97 'ill. 2 1^- 18.469" 8.690 

't305* 



I' ■ ■ ■ 

^ Country Tbtal I II III IV 

Iblal 1,183,210 11,760 10,887 158,276 20.593 

United States 849,612 8.399 7,331 103,468 11.977 

Foreign . ... 333,698 9,351 3,566 54,818 8.616^ 

West Germany 83,220 463* 1.018* .15.790* 1.902* 

Japan....: 61,610 1,160* 629* 10,492* 1 .2*9^ • ;j 233* 

United Kingdom 61,822 358* 641* 7,067* 1,076*^> MV 

France 33.696 236* 276* 6,094^ 1.074* 1** >1,3»^* 053' 

•Switzerland 19,931 164 342* 5.577* 1.072* 38 674 197 

Canada 18,261 200* 128* 1,840 322 241* 921* • 376* 

Sweden 12,737 109 98 734 206 31 616* 304* 

. Netherlands 10,614 180* 7^7 1.664 243 144* 375 178 

Italy , . 10»569 94 121 2,36'2* 4^5* 36 442 147 

. Belgium ^4,116 32 46 794 106 23 176 146 

USSR 4,166 33 , 16 487 62 40 60 68 

Austria . ' 3,606 28 23 314 63 13 168 70 

Australia .. 3r006 36 30 353 46 \1» 154 67 

Denmark ^ 2,377 66 '20 26^ 84^ .124 61 

^Mexico ' 1^335 ^ 26 6 415 336 2 38 12 

Other foreign^ 12,643 186 86 1*348 347 70 6^^6 221 



Product field 
viir \^ii 



IX 



4.680 
975^ 
'991* 
661* 
451* 
202 
^38* 

. 242* 
74 

123' 
60 
119 
128 
64 
^ 10 
16 
-216 



135,333 
104,531 
30,802 
7,147* 
4.189* 
5.321* 
,..3.234* 
1.536 * 
2,570* 

1,770* 
838 
866 
343 
262 
i4Jl 
\401 
^328 
96 
1.476 



316.632 
225,057 
91.475 
23,967* , 
13.138* 
14,270* 
* 8.754* 
^^6.066* 
5,803* 

4,5«0 
2.45» 
3,194 
953 
1.5^3 
1.339. 
1,021 
769 
217 
4,366 



XI 

ld9.44r 
81.551 
27;890 
6.484* 
5,523*. 
4,607* 
2.952* 
1.62r 
'1.447* 

1,074 
1,197 
836 
<^ 208 
563 
211 
184 
226 
• 35 
912 



XII 

18.009 
87.096' 
30»913 
6.061* 
8,606* 
4.986* 
3,428* 
967 
1,408* 

842 
2,128* 
^ 594 
325 
313 
233 
158 
132 
18 
705 



XIII 

63.801 
45.379 
16.422 
5,141* 
2,667* 
'3.447* 
2,438* 
690 
1,136* 

839* 
289 
497 
131 
114 
144 
144 
47 
42 
651 



Xl^' 

21.642 
14.273 
7.369 
2.050* 
'1,340* 
1,560* 
1,016* 
139 
289* 



XV 

1 ^0fiQO 
80,308 
30.492 
7,594* 
7.593* 
4,025* 
2.541* 
1,856* 
1,233* 



231* 
102 
180 
25 
63 
53 
51 
23 
18 
236 



' Countries were ^elected on the ba'fels of bbing In the top 10 of at least one of the Standard Industrial Classifications. 
' Indicates mnking among the top six foreign countries in this pdrlicular product field. 

^Qther foreign Includes patents granted to foreign counlrlos not shown separately. ' ^ ^ 

I . Food and kindred products . 

II Textile mill products . . . ' 

III Chemicals, except drugs and medicines ^ ' ^ . 

IV Drugs and medicines u . ' 

V Petroleum and gas extraction and petroleum refining 

VI Rubber and miscellaneous plastics products 

VH Stone, clay, glass, and concrete products . * , ^ • 

VIII Primary metals .^ 

IX ' Fabricated metals ^ ■ 

X Nonelectrical machinery , • ^ 

XI Electrical equipment except communication e^lpment - ^ ' ^ ^ 

XII Communication equipment and electronic co'rriponents 

XIII Motor vehicles and other transportation equipment except aircraft » 

XIV Aircraft and parts * • 

XV Professional and scientific instruments , ^ 

SOURCE: Compiled from information in Office of Technology Assessment and Forecast, U. S. Patent and Trademark Office. Indicators of 
Jhe Patent Output of U. S. industry: Profiles of Patent Activity In 55 Standard Industrial Classification Product Fields, 1963-77, 1978. 

See figure 1-d. ' ^ 



1,082 
672 

^ 652 
740 
383 
318 
285 
238 
68 

1,209* 
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Country 

United States 

Total. . 
' " Granted lb naiionals * 

Granted to all foreignors 
• Foreign patents granted to U,S.' — 
West Germany 

Total 

Granted to nationals 

Granted to U.S 

Granted to all foreigners 

U. S*. patents as percent of foreignftrs 
Japan J 

Total 




1966 1,96% . 1968 1969 > 1970 1971 1972 1973 1974 1975 1976 



68,406 
54;634 
* 13,772 
49.098 

•22.598 
13,096 
3,733 
. 9,503 
39.3 

26,315 



65.652 59,102 
T5;785 
13.320 
48,229 



> 1.274 
14,378 
47,982 



Granted to nationals 

Granted to U S 

Granted to all foreigners 

U.S. patents as percent of foreigners 
United Kingdom 

Total 

Granted to nationals 

Granted to U S . . . . 

Granted to all foreigners . ... .^jFr-^"^, 

U S patents as percent of foreigners 
Frarice ^ ^ 

Tt)tal , (.. 

Granted to nationals 

Granted to U.S i. . . . 

Granted to all foreigners 

U.S. patents as percent of foreigners 
Switzerland 

Total • 

Granted to nationals 

Granted to U. S 

Granted to all foreigners 

U.S. patents as percent of foreigners 
"Canada 

Total 

Granted to nationals 

Granted to U S 

Granted to alf foreigners 
U.S patents as^j|^ent of foreigners 
Other EEC counlrl^^ 

Total , :^|^. 

Granted to nationals 

Granted to U.S ^ 

Granted to all foreigners^ 

U.S. patents §s percent of foreigners 



19,871 
11.520 
- 3,406 
8.351 
40.8 

20.773 
1?,373 13.877 
4.688 3.432 
8.942 6t896 
52.4 49.8 



21,169 
12,143 
3.804 
9,026 
42.1 

27.972 
18.5^6" 
.,4,903 
9.396 
52.2 



67,557 
50.395^ 
J 7.162 
50.852 

22,623 
12,432 
4.483 
10.1Q1 
44.0 



64.427 78,136 74.818 74.139 
"?7,073 5S.Si98 51,51 5^1;B01 
17,354 22,328 23.293 22,638 
48.807 49.849 49,628 43.326 



12,887 
6,386 
2,882 
6.501 
44.3 



18,149 20,600 
8.296 9,642 
4,393- 4,575 
9,854 ,10.958 
44.6 41.8 



23.994 
11.191 
4.949 
12.743 
38.8 



76.275 
50;643 
25,632 
39,990 

20.539 
9.793 
3.913 

10,746 
36.4 



27.657 30;ei8 36.447 41.454 42,328 39.626 



18,787 
4,657 
8.870 
52.5 

38.790 
9.807 
12.678 
28.893 
43.9 



21.403 
4,774 
9.475 
50.4 

40.995 
10.343 
12,728 
30.652 
.5 



24.795 
5,709 
11,652 
48.9 

41.554 
10.376 
12,682 
31.178 
40.7 

51.456 
13,696 
11,973 
37,760 
31.7 

16,079 
4,165 
2.736 

11.914 
23.0 



29.101 30.937" 
5.948 5^485 
12.353 11.391 
48.2 48.2 



mB7J 
4.432 
8.753 
50.6 

37.808 
8.971 
10.976 
28.837 
38.1 

24.725 
9.282 
4.719 

15,443 
30,6 

12.970 
3.647 
2.1.01 
9.323 
22.5 

21.287 
1,368 
12.785 
19.919 
. 64.2 

23.341 
1,869 
5,783 . 

21,472 
26.9 



71.994 
46.603 
23.391 
39.300 

J 8.290 
9,077 

<>3,140 
9,213 
34,1 

46.728 



70.236 
44ri62~ 
26.074 
34,796 

20.965 
10.396 
3.333 
10,570 
31.5 

40.317 



37,272 
NA 

14,117 
NA 
NA 

43"^9S0 
14^881 
' 9.807 
29.069 
33.7 



38,999 ^3.038 
HfK NA 

13,676 12,588 
NA NA 
NA NA 



46.995 
15.246 
10,911 
31,749 
34.4 



47,990 32,020 

15,627 10,288 

10,794 6.943 

32,363 21.732 

33.4 31.9 




42,794 
10.116 
13.001 
32.678 
39,8 

46.2] 7 
10,767 
11,206 
35.450 
31.6 



39.844 
9,357 
11.717 
30,487 
38.4 

27,939 
10,817 
5,047 
17.122 
29.5 



22.507 21.850 

6.174 5.388 

3.468 3.632 

16,333 16.462 

21.2 22.1 



17.450 
4,277 
3,126 

13.173 
23.7 



16.775 
4.260 
3.110 

12.515 
24.9 



U,575 
4,452 
3,090 

13,123 
23.5 



14,921 13.680 

3,942 3,959 

2,528 2,140 

10,979 9.721 
23.0 22.0 




28.981 
1.461 
19.147 
27.520 
69.6 



29,193 .29,242 29,29fe 
1.395 1. 587 y 1,551 
18.663 17.992 17,289 
2Z»798 27.655 26.744 
67.1 65.1 64.6 



21.2516 
1.218 
12,964 
20.028 
" 64.7 



25.505 24.133 24.627 26.263 26.124 24,322 24,752 25.280 



2.423 2.337 
6.483 6.253 
23.082 21.796 
28.1 28.7 



J2.089 
6.225 
22.538 
27.6 



2.233 
6,777 
24.030 
28.2 



2.078 
6,670 
24.046 

.27.7 



2.023 
6,346 
22.299 
28.5 



2.156 2.074 
6.287 6.071 

22,596 23.206 
27.8 26.2 



4.918 
9.736 
50.5 

40,689 
9.120 
11,497 
31.569 
36,4 

14.320 
4.962 
2.801 
9,358 
29.9 

13.700 
3.794 
2.070 
9.906 
20.9 

20.544 
1.208 
12,220 
19,264 
63.4 

22.276 
1.759 
5.455 

20,517 
26.6 



4.029 
7.852 
51.3 

39.797 
8.855 
11.024 
30.942 
35.6 

29.754 
8,420 
6,171 

21.334 
28,93 

12.300 
3.482 
1,847 
8.818 
20.9 

^1,750 
1.301 
12,411 
20.449 
60.7 

NA 
NA 
NA 
NA 
NA 



^eludes patents granted to U.S. inventors by all the countries shown here (West Germany. Japan, the United Kingdom. Switzerland. 
'fcanadaTarid ' other EEG countries"). Patents granted by France are not Included due to the wide fluctuatfohs in French patents granted to 
foreigners. ' ^ 

,2 Other European Economic Community (E.E.C.) countries included here are Belgium. Denmark. Ireland, Luxembourg, and the 
Netherlands. Comparable data for Italy are not available. ^ 

^ Based on each country aS a unit rather than the group of nations as a unit. For instance, patents granted to Denmark l?y the Netherlands 
are considered as non-resident or foreign patents here. 



NA not available. 



SOURCE: World Intellectual Property Organization, Industrial f^roperty geneva: WlPO, December nwiies of 1967-76 and September 
1977. ' ' 

* Science indicators— 1978 



See figurQ MO. 
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Itiblo 1^15, R«latlv« Chang* In productivity^ In manufacturing Induatrlat 
of saleotod count rias: 1990;77 



I Index: 1967 « 1 



0^1 



Year 

1960. 
1961 . 
1962, 
1963. 
1964. 

1965 
T966. 

1967 . 

1968 . 



1971 



1973 



1976. 



Slates 


France 


Germany 


4apan 


Kingdom 


Canada 


78:9 


68.7 


4 , 67.8 


52.6 


76.^^ 


~^75rr 


80.8 


71.9 


71.4 


59.3 


77.4 


79.2 


84.6 


75.2 


^ 75.8 


61.9 


79.3 


83,3 


90.5 


79.7 


79,3 


67.1 


83.6 


86.5 


95.2 


837 


85-2 


75.9 


89,7 


90,3 


98.3 


88.5 


90.7 


79.1 


92.4 


93.7 


99,8 


94,7 


93.9 


87.1 


96.7 


96.9 


100.0 


100.0 


100,0 


100.0 


1DQ.0 . 


100,0 


103.7 


111.4 


106.8 


112.6 


107,1 


106.8 


104.8 


115.4 


113.4 


130.0 


^ .108.4 


• 113.1 


104.4 


121.2 


116.1 


146,5 


108.6 - 


114.7 


110.1 


127.6 


. 121,4 


151.0 


112.9 


122.9 


115.7 


' 135.1 


128.7 


162.3 


121.2' 


128,5 


118.8 


142.5 


136.6 


181.2 


126.2 


^134.3 


112.6 


146-5 


145.0 


. f " 


. 1|27.6 


136.6 


^18.2 


rs^o.s 


150.4 


174.6 


124.2 


133.3 


123.2 


164.0 


162.8 


188.7 


128.4 


139.4 


126.1 


172.6 


169.6' 


199:2 


126.3 


146.K 



^ Output per worker-hour, « ■ 

\ \ * ^ . 

SOURCES: Department of Labor Bureau of Latwr Statistics. Office of Productivity and Tech- 
■ nology, "Output per Hour. Hourly Compensation, and Unit Labor Costs in Manufacturing. Eleven 
Countries^ 1950-77," November 29, 1978. mimeograph. 



See figure 1-11. 



Science lndicators—1978 



Jkb\9 1-16. Rol Qrott DomMtIo Pf oduot p«r •mploy^d civilian, 
for MlacUd ooOntrlat compared wIV) tha Unltad Statat: 1M0>77^ 

llnlex. Unltod $ta!09 1001 



Unltpd JWest United 

Year Stales France Germany Japan Kingdom Canada 

I960.-. 100 55.4 62.4 24.7 51.1 86.6 

1961 100 67.0 63.1 27.2 49.8 85.8 

1962 100 58.0 53.1 27.6 47.9 85.6 

1963 100. 59.0 53.2*?> 29.6 48.5 86,2 

1964 100 60.0 56.2 32,1 49,1 86.0 

1965 100 60.8 56.2 32.2 48.2 85.6 

1966 100 61,2 58 1 33.4 47.4 83.5 

1^7 TT"." . rtKT^— 63:4 57:3 3^:6"^ 49:0 83:4— 

1968 100 64.2 59.5 40.0 49.7 84.6 

1969 V 100 67.6 63.2 43.9 50.4 86.2 

1970 100 71.4 67.0 48.7 52.6 88.6 

1971 100 72,9 67.6 50,8 ^ 63.9 90,6 

1972 100 74.8 68.5 63.9 53.6 90.7 

1973 100 76.4 70,2 56,6 54.6 90.8 

1974 100 80.0 74.3 58,0 56.0 93,0 

1^5 100 81,2. 74.7 59.5 56.4 91.9 

1976 100 83,1 77.7. 60,8 55,6 92.2 

1977 (prel,) 100 84.7 79.1 62.2 56,1 ^1.6 



^ Output based on International price weights to enable comparable crogs-country compari- 
sons. 

SOURCE: Department of Labor. Bureau of Labor Slallsllcs, Office of Productivity and Technol- 
ogy. "Comparative Real QrosQ Domestic Prckluct, Real GDP per Capita, and Real GDP per 
Employed Civilian^ Sevefi Countries, 1950-77 " June 1^8. m*meograp]i. 

See discussion following figure 1-11. Science lndlcators--1978 



Tlibla 1-17. U.^. Intarnatlo^al tranaactlont In royaltlaa 
andfaaf; 1966-77 / 

{Dollars in millions] * 



Year . / Balance Receipts . Payments 

1966 $1.37B $1,516 $140 ' 

1967 1.681 1,747 166 

1968 1.682 1.868 < _186 

1969 1,797 2,019 222 

1970 2,106 2.331 226 

1971 2.304 2,545 241 

1972..; 2.47^ 2,770 294 

1973 2,840 . 3,225 *385 

1974 3,475 3,821 " 346 

1975..... 3.827 4,300 473 

1976 3.873 4.352 479 

1977 (prel.) ^ 4,278 4.725 447 



SOURCE: Based on Appendix tables M8 and 1-19: 
See figure 1-12. Science Indicators— 1978 



iKJc i 6Y)' 



IkibU 1-18. U.S. r«c«lpt« and paymanta of ^oyaltlta and (jaaa for dirtct 
InvMtmant nbfoad: 1Me-77 



(Dollars in millions] 



1966 1967 1968 19«9 1970 1971 1972 1973 1974 1975 1976 (preL) 



Not receipts^ 

Total $1,163 $1,354 $1,431 $1,533 $1,758 $1,927 $2,116 $2,513 $3,070 $3,643 $3,530 $3J97 

Developed Countries 854 982 1.027 1.101 1.289 1,429 1,609 1.949' 2,388 2,770 2,793 3.029 

Westorn Europe 496 579 594 651 755 848 971 1.180 1.428 1,765 1,702 1,850 

Canada 246 266 285 287 336 ' 355 377 416 ^ 541 566 631 67fr 

Japan 43 55 59 66 80 96 114 1 70 211 223 260 3D0 

Other developed . , . 

COUntrie$^ 69 83 88 97 118 131 14? . 183 209 216 200 208 

Developing countries 279 352 377 393 428 452 453 519 630 72^ 666 695 

Inlernalional and , f ^ 

unallocated 29 20 27 34 / 40 46 53 46 51 61 51 43 

Not payments' 

Total . .? 64 62 80 101 1^1 ,118 155 > 209 160 267 293 253 

Canada 41 43 47 56 62 ' 64 60 73 46 139 137 126 

United Kingdom 12 11 21 25 19 11 15 20 17 26 8 22 

Olher European countries . . - 10 8 9 16 23 39 78 113 157 132 157 134 

Japan 1 1 ' 3 4 4 1 1 1 -47 -26 -34 -38 

Olher countries ^ {*) 3 3 1 1 -13 ^14 25 10 



* Represents net receipts of payments by U.S. firms from their foreign affiliates fgr the use of Jntarigible properly such as patents 
techniques, processes, formulas, designs, trademarks, copyrights, franchises, manufacturing-rights, management fees, etc, 

2 Other developed countries included here are Australia, New Zealand, and the ^Republic of South Africa. 

3 Payments measure net transactions between U,S. affiliates and their foreign patents. Affiliated payments are not further detailed 
because in many cases the amounts are so small tfieir publicaHon would disclose individual company data, 

^ Loss than $0.5 million. 



NOTE: Detail may not add to totals because of rounding. 

SOURCE: Department of Commerce. Bureau of Economic Analysis, (ievisM Data Series on U. S. Direct Investment Abroad, 1966-74, 
1976; Survey of Current Business. June 1975. June 1976. and August 1978. } ' 

SeofjguroM3 ^ ^ Science Indicators— 1978 * 



I 

I ' ■ ■ 

Ikble 1-19. U.S. receipts and payments of royalties and fees for unaffiliated^ 

foreign residents: 1966-77 ^ 

I Dollars In millions) 

^ _ ; ' , ^ ; 

" --— : ^— 



V 


1966 


1967 


1968 


1969 


1970 


1971 


1972 


1973 


1974 


1975 


1976 


(prel.) 


Net re<»olpts 


























Tola! 


. $353 


$393 


$437 


$486 


$573 


$618 


$655 


$712 


$751 


$757 


$822 


$958 


Developed counlries — 


... 304 


342 


375 


426 


5#5 


547 


575 


633 


B46 


640 


684 


793 


' Weslern Europe 


186 


190 


196 


222 


247 


268 


270 


297 


321 


343 


350 


413 


Canada ? 


... 30 


33 




28 


33 


32 


38 


32 


38 


38 


45 


48 


JUpag 


70 


95 


%0 


155 ' 


202 


223 


240 


273 


249 


219 


246 


289 


Other developed 




























18 < 


24 


18 


• 21 


23 


24 


27 


31 


38 


40 


43 


43 


Developing countries , . . . 


50 


■ 60 


59 


59 


64* 


62 


72 


74 


• 94 


60 


120 


132 


Eastern Europe 




1 


4 


2 


4 


9 


8 


5 


11 . 


14 


19 


33 


Net payments 






















• 186 


194 


Ibtal 


76 


104 


106 


120 


114 


123 


139 


176 


186 


186 


Developed countries 


72 


100 


102 


116 


107 


119 


134 


166 


176 


178 


182 


188 




67 


93 


94 


107 


99 » 


no 


121 


146 


156 


160 


160 


163 


Canada 


... ^2 


3 


4 


4 


4' 


5 


6 


6 


7 


9 


9 


9 


Japan 


. 3 


4 


4 


4 


4 


4 


6 


13 


12 


9 


13 


15 


Developing countries . , , 


4 


3 


4 


5 


7 


4 


5 


9 


8 


4 


6 


6 


Eastern Europe 


. - . (') 


■ (^) 


^(3) 


(') 


(') 


(^) 


1 


1 


2 


2 


1 


(^) 



VRefitfisenls receipts and payments between W. S. residents and residents Or governments of foreign countries f(MthCuse oi Int^aglbJe 

prop^rtysuc^^ copyrights, or manufacturing rights. Excludes fees and royalties related totoreign direct Investments and film 

rentals . ' . * ^ 

2 OlhenTleveloped countries included here are Australia. Nov) Zealand, and the Republic of Soutti Africa. ^ * 

"# ^ Less than $0,5 million. * ' 

' yOTE: Detail may not add to totals because of rounding. . ^ 

SOURCE: Department of Commerce. Bureau of Economic Analysis tabulations. Juno. 1 975 and Survey of Current Business, June 1976. 
and June 1978 

' Scionco Indicators— 1978 



'^Seo figure 1-14. \ 

.■■\ 



\ 



Dible 1*20. U.S. direct inv«itm«nt abroad In mtnutacturlng 
for selected nations and Industry groups: 1966-77 

IMdIlonaof as. dollars! 



Coiinlry 




1 9b7 


1968 


1969 


1970 


1971 


1972 


1973 


1974 


1975 


1976 


1977 
(prel.) 




$20,740 


$22,803 


$25,160 


$28,332 


$31,049 


$34,359 


$38,326 


$44,370 


$51,172 


$55,686 


$61,061 


$65,604 6 


Chemical Producls 


3.840 


4.641 


. 6.068 


5.639 


6.865 


6.5t9 


7.253 


8,415 


10.172 


11,107 


12.183 


13.374 


Machinery 


6,033 


5.455 


5.986 


7.012 


7,842 


8.930 


10.096 


11.811 


13.992 


15,595 


17.091 


18.379 


DoViDlopM CQunlriQS (T) 


17.ei4 


18.912 


20.721 


23.285 


25.572 


28.320 


31.558 


36.550 


41.973 


45.427 


49.766 


53.364 


; Chemical Producis 




3.396 


3.603 


4,164 


4,419 


4,959 


5.500 


6;488 


7,821 


8,471 


9,295 


10,135 


Machinery 




4.866 


\5.317 


6.223 


6.931 


7.907 


8.917 


10.269 


12,003 


13,231 


14,338 


15.408 


Canada (T) 


6.697 


7.059 


7,^35 


8.404 


8.971 


9.504 


10.491 


11.755 


13,450 


14.691 


15,965 


16.658 


Chemical Producls 




1.146 


1,2S2 


1.297 


1.320 


1.453 


1.583 


1.767 


2.049 


2,268 


2.462 


2,350 ' 




1.345 


1.424 


1.508 


1.743 


1.773 / 


i',891 


2,111 


2.325 


2,682 


3,042 


3.246 


3,420 


AH Western Europe (T) 


8.906 


9.867 


10.940 


12,372 


13.819 


1 5.'B28 


17,529 


20.777 


23.990 


26.013 


28,788 . 


31.390 


Chemical Producls 


. 1.523 


1.793 


2.058" 


2,271 


2,451 


2.792 


3.146 


3.818 


4,757 


5.161 


5.756 


b,6^2 


Machinery 


2.681 


2.930 


3.226 


3.829 


4,383 


5,097 


5,727 


6.743 


7,971 


8.774 


9.550 


10.237 




1.162 


1,260 


1.303 


1.464 


1,812 ^ 


2.107 


2.441 


2.943 


3.428 


3,844 


3.997 , 


4,138 


Chemical Producls 


164 


215 


226 


266 


299 


330 


390 


453 


543 


592 


6^ 


700 


Machinery ./ 


443 • 


443 


' ^ 456 


503 


620 


744 


834 


1.011 


1,194 


1.415 


1 ,405 


. 1,496 


United Kingdom (T) . . . 


3.568 


3.751 


4.1^9 


4,492 


4.909 


5.427 


5,77^ 


6.611 


. 7.371 


7,555 


7.734 


8,872 


Chemical Producls 


5^1 


'^608 


632 


644 


702 


819 


870 


1.042 


1.221 


1,262 


1.327 


1,679 


Machinery 


1.049 


. 1.14Q 


1.197 


1.412 


1.590 


1.744 


1,853 


2.008 


2.293 


2,406 


2,500 


2.749 




1.748 


1.966 


2.149 


2.681 


2.675 


3.107 


3,637 


4.442 


4.814 


5.328 


6.706 


6,993 


Chemical Producls 


179 


^ 200 


.239 


259 


295 


373 


425 


578 


691 


•770 


915 


1.000 




526 ' 


583 


V. 692 


906 


976 ' 


1.172 


1,388 


1,683 


1,949 


2,101 


2.436 


^.628 




366 


442 


527 


645 


768 


978 


1.185 


^ 1,399 


1 .520 


1.667 


1,691 


1 .889 


Chemical Products 


87 


103 


,131 


161 


180 


209 


244 


301 


327 


360 


374 


399 


Machinery 


222 


'266 


(D) 


(D) 


(0) 


511 


633 


732 


775 


787 


662 


995 




5.525 


3.891 


4.439 


^ 5,047 


5,477 


6.038 


6.767 


7,820 


9.200 


10.459 


1 1 .395 


12.239 


Chemical Products 


983 ^ 


1.145 


1.264 


1.376 


1.446 


1.661 


1.753 


1.927 


2.361 


2.636 


2.888 


3.239 


Machinery 


560 V 


589 


669 


789 


910 


1.023. 

— „^ 1.,., , , 


1.178 


1,552 


1.989 


2.364 


2.752 


2,971 

^ »k 





























(T) Total manufacturing. ■ 

^ (Dj ^ Those data are withheld by the Commerce pepartment to avoid disclosure of data for Individual companies. 

SOURCE: U. S. Department of Commerce. Bureau of Economic Analysis. Selected Data on U, S. Direct Investment Abroad, 1^,66^76, 1977; and Ralph 
Kozlow. John Rutler and f^atrlcla Walter. "U.S. Direct Investment Abroad (n 1977." Survey of Current Business, vol. 68*(Augii8t 1978). pp. 16-^38. 



See discussion preceding table 1-15. 



Sclenbe Indicators— 1 978 
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Thble 1-21 . U. 8, trade billance' In R&0-Inten«lv« and non-R«iD-lntanslv^ manufactured 
' product groupa: 1960-77. - 

IDollhrs In millions] 



^ftD'intensWe ^4€H^-R«^0-ln^e^js^ve 



Year 


Bolanco 


Export 


Import 


Balance 


Export 


Import 


1960 


$ 5.891 


$ 7.697 


$ 1J06 


-$179 


$ 4.962 


$ 5.141 


1961 


6.237 


8,018 


1,781 


12 


4,730 


4,742 


ia62 • 


6.720 


8.715' 


1.995 


-691 


4.940 


5.631 


1963 


6.968 


8.975 


2,017 


V -765 


5.284 


6.049 




7.970 


00.267 


2.297 


-678 


6.121 


6.79^ 


1965 


8,148 


11.078 


2.930 


-2.027 


6.281 


8.308 




. . . 7.996 


^2.174 


4,17# 


r3.325 


6.913 


' 10.238 


1967 


8.817 


13.407 


4.590, 


-3.729 


7.437 


11.166 


1968 


9.775 


16.312 


6.537 


-6.581 


8.506 


' '15.087 


1969 


10.471 


16.955 


6.484 


6,698 


9.830 


16.528 


1970 . 


11.722 


1&.274 


7,552 


-8.285 


10.069 


18.354 


1971 


11.727 


20.228 


8.501 


-11.698 


10.215 


21,913 


1972 . , . 


11.012 


22i003 


10,991 


-15.039 


11.737 


26.776 




15,101 


29;088 


13.987 


-15.370 


16.643 


31,013 


1974 


23.873 


41.^11 


17.238 


-15.573 


22.412 


37.985 


1975 


29,344 


46.439 


17.095 


-9.474 


24.511 


. 33.985 


1976 


28.964 


50.830 


21,866 


> 16,499 


26.411 


42.910 


-1977 


27.627 


. 53.1^9 


. 25;542 


-24,378 


27.284 


51.662 



^ Exports less imports, , : - 

SOURCE: Department of Commerce. Domestic and International Business Administration. 
Overseas Business Reports August 1967; April 1972, April 1977 and June 1978. 

See liguro 1-15, Sclencelhdicators— 1978 



Table 1-22. UvS. tradt balance^ In latacUd R&D-lntanilve manufactured product -groups: 1960-77 



IDollars in millions) 



Product groups 1960 1961 1962 1963 1964 1965 1966 1967 1966 1969 1970 1971 197^ 1973 15(74 1975 1976 1977 

Chemicals^ • ^ . ^ 

Balance .............. $955 $1,051 $1,104 $1,S»4 $1,662. $1,634 $1,718^ $1,644 $2J5B,.$2,165 $2,176 $2,234 $2,116 $3,286 $^.801 $4,995 $5,187 .$5»395 

Export 1.776 1.789 1.876 2.009 2.364 2.403 2.675 2,802 3.287 '3.383 3.826 3.836 4.133 5.749, 8,819 8,691 9.959 10.827 

Import 821 738 772 71 6. 702 769 957 958 1 .1 29 1 ,228 1 .450 1 .6 1 2 2.01 5 2,463 4.018 3.696 4.772 5.432 

Nonelectrical machinery^ 

Balance 2.948 3.288 3.547 3.574 3.989 4,115 4.10U. 4.218 4.280 4.838 5.583 5.268 5.325 6,904 10.826 14.574 14.814 13,635 

Export . 3.386 3.743 4,087 4.209 4.860 5.275 6,778 6.181 6.560 7.460 8.686 8.772 9.864 12.556 . 17,298 21,633 22.835 23.140 

Import {t38 455 540. 635 871 1.160 1.677 1.963 2,280 2,622 3.103 3.504 4.539 5.652 6.472 7.059 8.021 9.605 

Electrical machinery" S . ^-^^ 

Balance 804 891 J46 1.074 1,222 1,020 890 962 792 729 728 512 321 533 1,680 2.671 1,854 1.853 

Export 1.090 1.225 1161 1.493 1.665 1,660 1.900 2.098 2.284 2.677 2.999 3,067 3,698 5,032 7,019 7,582 9.278 10,285 

Import 286 334 '^IB 419 443 640 1,010 1.136 1.492 1.948 2.271 2,565 3.377 4.499 5,339. 4.911 7.424 8.432 

Aircraft 

Balance 970 766 857 726 791 990 824 1.271 2.015 2.140 2,382 3,049 2.580 3.556 5,258 6.617 5.670 5.265 

Export.... 1.024 903 980 Qi? 874 1.130 1.097 1.^19 2.309 2.423 "2.656 3,387 2.995 4.119 5,766 6.136 6.104 5.866 

Import,.: 54 137 123 91 83 .140 273 248 294 283 274 338 -415 563 508 519 434 601 

Professional and scientific . ^ _ . • ^ 

instruments ' * . * 

Balance 214 '241 266^ 290 306 389 463 522 530 609 653 674 668 822 '1.308 1.487 AMS^ 1,479 

Export : 321 358 411 447 504 610 724 807 872 1.012 1.107 1.166 1.313 1,^32 2.209 2.397*^654 3,051 

Import... 107 117'. -145 167 198 22l 261 286 342 -403 454 492 645 810 901 910 1.215 1.572 



' Exports less imports. , • 

2 Includes drugs and other allied products. ■ 
^ Includes computers | 
' Includes communication equlfkmont. 

SOURCE: Department of Commerce. Domestic and International Business Administration. Overseas Business Reports, August 1967. > / 

April 1972. April 1977 and. June 1978. . " / . ^ 

See figure M6. ^Science Indicators- 1978 
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I Dollars in millions! 



Country 


1966 


196^ 


1968 


1969 


1970 


1971 


1972 


1973 


1974 


1975 


197« 


1977 


DovolopniQ nations^ 


























Balance 


. . $3,441 


$3,677 


$4,430 


$4,455 


$4,928 


$5,087 


$5,277 


$6,642 


$10,656 


$14,727 


$16,052 


$16,013 


: Export . 


. - 3.682 


. 3.923 


4.822 


5.002 


5,679 


5.996 


6.765 


8,966 


14.024 


17.701 


20.104 


20.993 


; Import .... 


..^ '241 


246 


392 


547 


751 


909 


1.488 


2.324 


3.368 


2.974 


. 4,052 


4.980 


■Western Europe ' 


























Balnnco ... 


1,890 


2.283 


2.566 


2.986 


3.942 


3.599 


3.089 


'4,125 


5,983 


6.700 


7.060 


6.918 


Export 


. , 3.865 


4.359 


5.020 


5.655 


6.927 


6.861 


7.345 


9.596- 


12,622 


13.540 


14.648 


15.712 


Import 


1 .975 


2.076 


■ 2.454 


2.669 


2.985 


3.262 


4.256 


5.471 


6.639 


6.840 


7,588 


B.794 


/ Canada ' 


























Balance 


. . 1 .800 


1.760 


1.719 


1.914 


1.684 


1.865 


2.333 


3.001 


4.242 


4.833 


4.732 


4.530 


Export 


. . 2.8v38 


2.983 


3.142 


3.478 


3.513 


3.914 


4.678 


5.741 


7.419 


8.136 


8.831 


9,182 


Import ...... 


... 1 .038 


1.223 


1.423 


1.564 


1.829 


2.049 


2.345 


2.740 


3.177 


3,303 


4.099 


4.652 


Japan 


























Balance 


-133 


-115 


. -200 


-324 


-224 


^516- 


-971 


848 


550 


- 1 .021 


-2.754 


'3.460 


/ Export 


661* 


772 


930 


1.180 


1.536 


1.520 


1.639. 


2.218 


3.007 


. 2.389 


2,601 


2.792 


Import 


794 


887 


1.100 


1.504 


1.760 


2,036 


2.610 


3.066 


3.567 


3.410 


5.355 


6.252 


West Germany 


























. Balance . . 






{') 


81 


287 


. 1 90 


-56 


-205 


-198 


64 


. 5^ 


-73 


Exports 








. 912 


1.277 


1.295 


1.340 


1.579 


1.931 


2.143 


2.346 


2.674 


Imports 






n 


861 

1. 


990 


1.105 


1.396 


1.784 


2.129 


2.07$ 


2.288 


2,747 



' Exports less imports. ^ ' , ^ 

? Includes the Republic of South Africa in 1 966 and 1 967. 
^ Includes West Germany. 
Included in the totals for Western Europe Ixit not separately available, 

SOURCE : Department of Commerce' Domestic and International Business Adminislralton. Ovorseas Business Reports, May 1 972, June 
1974. October 1976. and October 1978. 



See figure 1*17. 



Science Indicators— 1978 



Jkb\9 V24. EKitmpUs of postlbl* mtM of inor^nted 
•citntlllc cooperation with Western Europe 



Bfofogy - 

Genetic ongin^ring^ 
Seed protoinjlovelopmonl 
Molecular bi^ogy 
Biomass utilisation 
Enzyme biology 

Biochemlcrf transformations/technology 
Nitrogen fi)ifation 
Tissue an^ protoplast culture 
Tropical biology 



Neuroscionco 
Cognitive developtiient 
Linguistics (phonetics) 
Social psychology 
isual scioncos 



Vomputer sciencos 

Software-methodology 
Shared data banks 
Computer-aided deijigr^ 
Fault tolerant cbmputersv; 
Largo scale systems 
Control-system design 
Theoretical computer science 
(semantics,, algorithms) 

ChofVlistry 
Inorganic and organometallic catalysts 
Electrochemical synthesis 
Fast reaction kinetics 
Oscillating roactions/dissipatlve structure 
Excited-state reactions 
Rarefied gas dynamics 
Neutron scattering 

Quantum chemistry and molecular dynamics 
Solid state chemistry 
Colloid chemistry 

Earth and ocean Sciences 
Genesis of energy and mineral deposits 
Polar geology, geomorphology and glaciology 
Permafrost research 
Manno geology 
Manne geophysics 
Geochemical analysis 
Rock magnetism 
r Coastal geologic processes 



f:nginee}tng 



Combustion 
Thormlonlqs 
Soil mechanics 
MHD 

Heat and mass transfer 

Optical communication 

Coal processing and communication 

Fluidlzatlon 

Particulate processing 

Biochemical engineering 



Matorials sciencos 
Hiph voltage electron microscopy 
Raman spectroscopy 
Resonance raman spectroscopy 
Muon decay in solids 
Statistical mechanics 
Electron structure 
Defects In solids 
Ultra low temperature physics 
Corrosion 

Condensed matter , \ 

Synchroton radiation applications 

Mathomadc^ 
Algebraic and arithmetic geometry 
Nonlinear differential equations 
Bifurcation theory 
Mathematical organization theory 
Minimal surfaces 
Axiomatic set theory 
Stochastic processes 
Category theory 
Statistical inference 



Physics^ 
Atomic *ind molecular physics 

Plasmo physics ^ 

Quantum electronics 

Molecular and colliding beams 
Condensed mfitjor P^y^Jcs 

Neutron scatteWng 

Solid state physics 

SupercOndMcjiylty 
Nuclear physics^ 

Accelerator development 
— Glementary-pafltele-phyBk 

Gravitational wave detectors 
Theoretical physics 

Gravitational physics 

Mathematical physics 

Atomic structure 

Science education 

Developmental psychology 
Learning theory 
Educational television 
Use of computers with children 
Environmental education 
Curriculum modes and materials 

Social i^ciences 

International economics 
Mathernatical economics 
Political economy 
Social psychology 
Socio-economic systems 
Family change 

Technological Innovation 

Location analysis 
Sociology of law 



NOTE These exampl^were generated by a survey of NSF program ofticers. These areas of sclGntlllc activity are those in which Western 
European eftorts are thought to be at a level of excellence comparably tothal in the United States, or in which achievements were linked to 
the availability of unusual instrumentation or facilities. 

SOURCE: National'Science Poundalion Advisory pouncil, "Expanded Scientific Cooperation with Western Europe,- Mimeo, October 26, 
1978, 



See discussion in the introduction of the "International Interaction an) Cooperation" section.. 
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Tteble 1*25. Distribution of undtrgr«du«t« and graduate foreign ttudentt In science 
and technology currlculums dt U,S. unlverelttea f^nd cpilegef, 

by field and region; 1975 ^ 



Field . 



Total 



All fields too 

Sciontific & iGchnical 57 

Eagineenng 36 

Life sciences , , . . ^ 18 

Social sciences ^ 15 

Physical sciences 12 

fvlathematlcol and computer scienoes 6 

Psychology \ 3 

Technicallralning' 2 

Non S/T fields ♦ 43 

All fields ... » 1 78.830 

Scientific & technical l o 1 .980 / 

Ehglneonng 37.080 ' 

Life sciences 1 7;930 

Social sciences 15.710 

Physical sciences 12.310 

Mathematical and computer sciences 5.860 

Psychology , 2.660 

Technical training^ . , , 2.300 

Non S/T fields , 76.850 



Asia 



100 

61 
29 
11 
8 
8 
3 



1 
1 

39 



59.500 
28.270 
10.990 
7,450 
7.590 
2.920 
1,040 
1.240 
37.360 



Africa 



100 

56 
12 
20 
12 
6 
3 



1 

2 
44 



96.860 25.290 



14.130 
3.020 
5.110 
3.030 
1.620 
710 
260 
380 
11,160 



Utln 
Angelica 

Porcbnt 

100 

54 
20 
13 
8 

5 

4 

2 
2 
46 

Number 

29,620 

i6.ia^ 

6.070 
3.790 
2.310 
1.540 
1.250 

- 720 
490 

13.650 



Europe Oceania 



100 

50 
13 
10 
11 

8 

5 



2 

(') 
50 



14.400 

7.170 
1.920 
1.470 
1.650 
1.080 
660 
300 
70 
7.260 



100 

48 

7 

16 
18 
4 

3 



52 



2.740 

1.310 
180 
440 
490 
120 
80 



1.430 



. . Nortfl 
Amoiica 



100 

38 
21 
10 
9 

7 
3 



1 
1 

62 



9.720 

3.700 
640 

1,240 
780 
360 
220 
340 
120 

6.020 



^ Includes business ar-^d commerce, mechanical and engineering, and natural science technical training leading to associate 
degrees and other awards below/ the baccalaureate. 
^Less than 0.5 percent. 

SOURCE: Calculated from data from Institute of International Education. Opon Doom: 1975176^197617^, 1978, pp. 106- 108. 
See table 1 -6 in text. • * Science Indicators— 1 978 
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Tible 1-26. Doctoral. degreee awarded to foreign students aa a percent of all doctoral 
degreea from U. S unlverattlea by fl^d: 1960^74 

^ 1960-74 \ ^ - 

FieW ' period 19^0-64. 1SI65-69 1970-74 

AN fields 14.4 12.7 1$'.9 15.3 

All science and engineering fields 18.7 16.1 17.6 20.6 

Mathematicians 17.9 ' 16.2 -15.3 20.4 

Physicists - T. . le.l 14.5 15.6 21.9 

Chemists ' 15.3 12.6 13.9 18.2 

Earth scientists 18.7 16.0 18.5 20.3 

Engineers 28.1 21.6 23.8 34.1 

Agricultural scientists 33.1 26.5 32.5V 36.6 

Medical scientists \ 2'1.5 197 22.3 21.6 

^BioSClQQlJstS. 15.9 16.7 , 16.4 15.2 

Psychologists 5.2 4.9 4.9 5.4 

Social scientists ' 18.4 18.1 19.0 18.2 

Nonscience total 7.4 ... 6.4 7.3 7.8 

SOURCE: A Contury of Doctorates (Washington: National Research Council. 1978). p. 47 
See figure 1-18. Sciericolndicatois- 1978 
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l^ble 1-27. Index of International cooperative reeearch* by fl*ld^|973-77 



Flold^^ ^' 1973 1974 " 1975 "" '1976 ^977 

^ Internationally co-duthorec* articles as a percent of ■ 

all institutionally co-authored articles ^ . 

Allfl^lds s 12.7 13,2 139 147 150 

-Cllnieai-inefliGln^ . . . . . ' Q,^ - 6 .9 6.8 LB ZA_ 

Biomedicino 18.7 14.2 15.2 15.7 16.3 

Biology 15J> 13.6 154 17,0 17.0 

Chemistry 16.3 17,2 1*7 / 18-1 20.7 

Physics 22.7 23.7 25.4 25.9 27.5 

Earth and spoce sciences • . 23. 1 22.5 24.6 27.7 27.5 

Engineering and technology 13.2 14.0 155 ' 14.0 16.2 

Psychology 10.6 10.8 10.7 . 8 4 " 12.5 

Mathematics 34.3 39 5 39.8 .^38.6 37.9 

Internationally CO autt^ored artfd^^^^^^ 

All fields ' B,57i 9.292 9.896 10.732 1 1.527 

Clinical medicine , 1,881 2,013 1.989 2.314 ' 2.440 

^iomedicine ... 1 .454 1 .581 1 .775 1 .862 2.032 

Biology 723 ^ 655 779 853 915 

Chemistry 1 .088 1 .24 1 1 .286 1 .384 1 ,546 

F^tiysics 1 .570 1 .757 1 ,033^ . 2. 1 42 2.320 

Earth and space sciences T . - . 647 658 698 830 8.49 

Engineering and technology 584 650 720 626 721 

Psychology 151 17B 158 171 , 188 

Mathematics 473 - 558 _657 548 515 

All institutionally co-authored articles 

All fields . 67.528 70.174 71,051 73,251 lej^l 

Clinical medicirm ^8.617 Ib,974 29.078 29,564 32.643 

BIqrnedicine 10.648 11,117 11,683 11.845 12.4319 

Bj^ogy. • 4.660 4.829 5.073 5,024 5,405 

fihemistry-... 6.694 7.224 7.264 7.632' 7.485 

Physics , 6.897 7,4 1 0 * 7.601 8.271 8.433 

Earth and spac^ sciences 2,798 2,920 2,832 ' 2.994 ^ 3.085 

Engineering and technology 4.412 4.642 4,647 . 4,470 4.437 

Psychology 1.422 1.645 1.473 2.031 1,504 

Mathematics . ^ 1,379 1.413 1.401 1,420 1.359 

^ Obtained by dividing the number of articles which were written by scientists and engineers from 
more than one country by the total number of articles 'jointly written by S/E's from different 
organizations. This index is based onjhfe articles, notes, and reviews in over 2. 1 00 of the influential 
journals carried on the 1973 Science Citatior) Index Cerporate Tapes of the Institute for Sqlentific 
Jnformatiof\. ^ . 

^See Appendix table MO for the subfields included in these fields. . 

SOURCE Corriputer Horizons. Inc.. unpublished data. 

See figure M9 < Science Indicators— 1978; 
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Table 1*26. Index of international cooperative research^ for selected countrlea: 1973-77 



Country? 1973 1974 1975 1976 1977. 

ln!Grna!lonally co-authored articles as a percent ol 
all institutionally co-authorod articles 

U ni ted Stales^ ^„ _i3.a 14.1 u.^ 15.5 ^05,8 

Japan 16.4 16.4.. 16.2 15.2 16.0 

U.S.S.R s.-.TT';. 9.6 10.8 13.3 14.2 17.3 

France 26.7 26.9 29.8 31.3 32.7 

Canada ; \ 37.7 38.9 37.8 38.8 39.0 

United Kingdom 35.4 37 0 37.6 39.5 40.7 

West (Jermany 35.6 37.4 382 40.7 ^4V3 , 

^ ^ Internationally co-authOred articles 

United States ...... , 4.920 5,182 5,378 5.815 6.131 

Japan 474 ^§5 547 558 638 

U.S.S.R. 288 318 381 432 526^ 

France . , 1.135 1.215 1.464 1.597 . 1.796 

Canada . . . .'^ , . . .f 1.377 1.458 1.484 ' 1.608 1,677 

United kingdom • 2.065 2,260 ^,385 2,611 2.664 

West Qehmany . 1 .289 1 .534 1 .573 1 .751 1 .930 

■ All Institutionally co-authored articles 

United States 35,581 36.727 36,346 37.501 38.916 

Japan. : * 2,888 .3.023 3.375 3.667 -3.994 

U.S.S.R , 3.011 2.928 2.861 3.033 3.036 • 

France -^4.249 4.525 4,915 5.096 5.485 

Canada • 3.€$0 3,749 J3,925 4,145 4,^99 

\Jfm6 Kingdom 5,Q27 - 0^106 ^%350 6,614 6.653 

Weg^T^ermany 3.618 4.104 4J18 4.307 4,669 

' ■ — ■ : ^ . 

^ Obtained by dividing the numb.er of articles which were written by scientists and engineers from 
more than one country by the total number of articles jointly writteri by S/E's from different 
organizations . This index ft based on the articles, notes and reviews in over 2. 1 0O of the influential 
journals carried on the 1973 Science Citation /nde/ Corporate Tapes of the Institute for Sclerttlfic 
Information. , # 

^ ^ When ^n arltde Is authoredjDy scientists an(^ engineers from more than one country, that article 
Is prorated across the countries Involved. For example, If a given article has several authors from 
France and the United States, it is split V2 to France and tf to thellnited States, regardless of the 
number of actual authors from these countries. ' ^ 



SOURCE: Coabutor Horizons. Inc.. unpublished data. 
Sep figure 1-2* 
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Tilble 1-29. Distribution ol scientific and tsohnloal ■rtlclcs* In U.S. and torelgn lournals 

by field; 1973-77 



_____ 1973^ 1974 1975 1976 1977 

U.S. articles^ In foreign journals* 
T^in iolds : 1 9.94 1 1 9 :^71 t^e4 — 20.1 9 1 20.1 5 2 



Clinical medicine 4,695 4.850 5,000 4,854 , 4.975 

Biomedicino 4,124 4,092 4.098 4.544 4.306 

Bioloqv . ' 1.660 1.711 1.999 2.180 2.049 

Chomlslrv 2.346' 2.342- 2.107 1.970 2.018 

Physics 2.6ft1 2.702- .2.613 2.516 2.742 

Earth and space sciences ... / 1.20(N,r1,131 996 1.109 .1.126 

Engineering and lochnology 1.382 1,338 1,195 '1.255 1.302 

Psychology * 784 695 591 728 779 

Malhomallcs ' ' _..U089_ _ I.OfO • ...1 .005 1^035 855 

Foreign articles In U.S. journals • 

All fields 29.270 29,761 31.242 33.355 33,953 ^ 

Clinical medicine 6,794 6.867 6.882 7.560 7,923 

Biomedicine 4.148 4.340 5.144 5,154 5^377 

Biology 2.013 1.889 1,865 1.603 f5ft71 

Chemistry 5,484 5,700 6,270 7.062 6,583- 

Physics 4,118 4.384. 4.434 5.048 5,143 

Earth and space sciences ... 1.§84 1,204. 1,108 1,170 . 1,146 

Engineering and technology .■ 3.723 3,611 3,748 3.618 3,848 -r 

Psyclnology 845 859 817 853 895 

Mathematics 861 - 907 974 ^ 1,087 1.067 . 

Balanpe^ -- k* — 

All fields ■ "9,329 9.890 11.738 13.164 13,801 

Clinical medicine - 2,099 2,017- 1,882 2,706 2,^48 

Biomedicine 24 248 1.046 §10.. 1.071 

Biology •-■ 353 178 -134 -377' -78 

Chemistry j3.138 3,358 4,163 5.092 4.565 

Physics " 1.457 1,682 , 1.921 2,532 .• 2,401. 

Earth and space sciences ' 84 73 1.12 61 20 » 

.Engineering and technology 2,341 2,273 2,553 2,363 2,546.,, 

Psychology • ' 61 164 226 125 1 6 . 

fVlathem^^. -228 - 10 3 - 31 52 ^ 212 

> Based on the articles,'no1es, and reviews in over 2, 1 00 of the influential joi^rnals carried on the 
1973 Sc/ef7cd C\mion /ndeK Corporate Tapes of the Institute tor Sdentific Information. 
2Soe Appendix table 1-10 for the subfleldsincludedjn'thesefieldll! ; , • ' # ^ 

' When an article is authored by scientists and engineers froni mpre than one country, that article . . . ^ 
is prorated across the cduhtries involved. For example. If a given article has several authors from > ^ 

Frafke and the .United StWes; it is ^llt to France ^nd Vi to the United States, regardless of the 
number of actual autf^rs from these countries. ' • ' . , 
•'Tho country of a journal is determined by Where It Is published. ■ / . 

oObtqined by subtracting the number of U.S. articles in foreign journals.from the numt[er of ^ 
foreign articles in U.S. journals. ' ^ 



SOilR^: Computer Horizons, Inc., unf^ublished data. 



See table 1-8 111 !ex!.; s ' Sclonco Indicators-- 1978 



lhbl« 1*30. Ptrtlclpitloh In Intf rnttlonti tcbntlfie 
oongrMtM? 1M0-77 





. Number 


Total 


as. 


Non-U. S. 


Year 


of COIV 


parties 


partici- 


partlcl* 


gre9S9B 


pants 


pants 


pants 


1960-1962 . . 


.. i23 


33.082 


9.033 


24,049 


1963 1965/ 


28 


37,964 


10,012 


?7,962 


-^966^1968.. 


42 


59,748 


12.297 


47,451 


1969-1971 


38 


.55.711 


12.956 


42.755 


197M974.. 


73 


73.819 


18.630 


55.189 


.1975-1977.. 


52 


59.658 


12.767 


46,891 


Total . . . 


.. 256 


319,982 


75.695 


244^287 



SOURCE: National Academy of Sciences, unpublished 
da!a. 



Soe figure 1-21. 
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Table 2-1. National B4D|)xp«ndl|qresc '1960-79 

{Dollars in billions). 



^ Cuirenl 

Year dollars 

■* . . ^ , 

196(5 $13.5 

1961 14.3 

1962 15.4 

1963 17 r 

1964 . 18.9 

^t965 20.0 

1966 21.8 

1967 23.1 

1968...''.., 24.6 

1969.. 25.6 

-1970.^ ' 25.9 

1971 , . 26.6 

1972 . ^28.4 

1973 30.6 

1974...... 32.7 

1^/5 v.. « 32.2 

1976 38.8 

1977(prolihi)' .... 42.9 

1978 (est) ,* . '47.3 

1979 (est) ' 51.6 



Constant. 
;> f972 
:dollars' 

. '$1.9.7 
io.7 

25.9 

27.0 
2a5 

29.3 ' 
29.8 
29.6 . 

28.4 . 
27.7 
28.4 
28.9 
28.2 . 

r 

27.7 
29v0 
^ 30.3 
31.1 
31.8 



GNP Implicit 
price deflator^ 

0.6867 
.6928 
.7055 
.7159 
.7271 

.7432 
*7676 

.7902. ^ 
' .8257 
. .8672 

.9136 
.96t)2 
1.0000 
.1.0560 ' 
" 1.1602 .i 

1^2715^ 
. 1.3376 ' 

1.4161 

1.5190 
- 1.6250 



^GNP Implicit price deflators used to convert current dollars 
to constant 1972 dollars. 

^Deflators for 1978''and 1979 assunWan inflation rate of 7.3 

and 7.0 percant. re3pectlvely. It is likely that actual inflation 

rates will be substanttelly higher; theroforo. the coristant dollar 

estimates presented triroughout^hls report may b^too high. 

' ■ " « • - % 

^ «... I' 

.SOURCE; National Science Foundation. National Patterns 
of R&D Resources, 1953-1978-79 (NSF 78-313) 'p. 36/' 



See figure 2-1. 
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IHble 2^2. National R&D expandltur** «• 
of 9NP by source: 1M0-7$ 

IDolloro in billions I - 



rcant 



CurrOrM dodflift 
All R&D by 9ouroo 



Daaic ^ J 





GNP 


To!ttl 




Olt\0r . 


ri)0O"arQli 


. . .QNF * 


I9t)0 


$ 50C0 


$13.5 


$ 0.7 


$ 4 8 


$ 4 2 


$ 736,9^' 


19^1 . 


523 3 


J4 3 


9.2 


5 1 


4.5- 


• ..755. 3 


1902 


5G30 


15 4 




5 5 


5.4 


799.1 


1963 


r>94 7 


^7 1 . 


1 1^2 


5 9 


.5.7 


030 7 




03e)_i__. 


10.9 


12 5 


6.3 


6 4 


074.3 


1965 


608 1 


7200 


t3.0 


7.0 


. 6.9 


* 925.9 




753.0 


?1'.0 


in.o 


7,9 


7.4 


9di.O 


1967 


796 3 


23.1 


' 14.4 


0 0 


7 8 


1,007.7 


1960 


660 5" 


24 6 ^ 


14.9 


' 9.7 


0.4 


1.051.8 


1969 


93543' 


25.6 


14 9 


10 7 


0.8 


1,070.0 


1970 . 


m4 


26 9 


14.7 


11.2 


9-2 


1.075.3 


1971 ^. 


1.0B3.4 


26.6 


14.9 


. 11.7 


.9 4' 


1.107.5 


1972 




20 4 * 


s 15.8 


12.6 


'^9.8 


1.-171.W 


1973 




. 30.6 


10.3 


14^^ 


10.6 


1.235.0 


19M . 


1.412^9^ 


-S^ 7 


16.8 




11.5 ■ 


1.217.0 


1975 


1.528 8 


35\2 


10 2 


^17.0 


12.5 


1.202.1 


1976 


1.700.1 


300 


19.6 


19.2. 


14.0 


- 1.271.0 


1977(prOlim) . 


. 1.007 2 


42.9 ' 


21.6, 




15.3 


• 1.332.7 


1978 (est) .. 


^ 2.100 0 


47.3 


23.0 ' 


23.5 


" 16.8 


, 1.302.5 


1979,(0^1 ) . 


2.325.0 


51.6 


25.7 


25 9 


^ 106 


1.430.0 



Iconstftnt 1 972 rt0llartt\ • 
All R&i>t)y t)OUffcf? . • 



Total FodoraV pth0.C 



.$19.7 
20 J 
21,8 
23.0 
26.9 



" 13".4 
- 14.0 
'15.7 
17.2 



$■ 7 0 

7 0 

0.2 
0.7 



.0.8 



27.0 
^0.5 

29.3 
>2a.0 

29.6 

20.4 
277 
20.4 
'29.0 
20.2 

277 
29.0 
-30.3 
31.1 
31.0 



I7.5i 

18.2 

10.2 

18.1 

17.2 

16.1 

15.5 

15.0 

15.4* 

14.4 

14.3 
14.7 
15.2 
15.7 
15.0 



9.5 

10.3^.^ 
11 1^ 
11.7 
1-2.4 

12.3 • 
12.2 , 
12.7 
13^ 

13.8 

13.4 
14'.3 
15.0 , 
15.5 
16.9 



Year 



As a percent of GNP 

All R&D by source 

Tcital Fodoral 



Basic 8. 



1960 
1961 
1 962 
1963 
196'1 



1965 . 

1966 . 

1967 . 
1960 . 
1969 



2.67 
2 73 
2 73 
2.00 
2.97 

2 91" 
2.90 
2.90 
2.03 
2 74 



^970 2.64t 

1971' •- 2.50 

1972 2 43 

1973 '2.34 

1974 ^ / 2.31 

1975 '2.30 

1976 2.20 

1977 (prelim.) 2.27 

1970 (est.) \. ' 2.25 

1979 (est) 2.21 



1.72 

\w 

1.88 
1.97 

'l.89 
1.86 
1.81 

^'f2 

1.59 

1.5(^ 

1.40 

1.35 

1.25 

1.19 

1.19 
1.15 
1.14 
1.13 





appliod 


Other' 


research 




'0.83 ' 




0.85. 


98 


^ q 95 


99 


C^96 


.99 


1.01 


\ 1.02 


, i.oa 


\1.05 


0.99 


1.11 ' 




112 


0 97* 


- 1.14 


0.94 


1.14 


.'9.94 


1.10 


0.88 


1.08 


0.84 


1.09 


0.81 


1.13 


0.81 


1,11 


0.82 


1.13 


0.82 


1.13 


0.8f 


* 1.12 


0.80 


^ ' "^1.11 


o.eo"- 



\ 



9.3 
9.7 
9.9 
10.2 
10.1 

10.1 
9.0 
9.8 

10 0 

9.9 

9.8 
10.4 
10.0 
1J.0 
1 1.4 



'GNP implicit price deflafors used to convert current dollars to constant 1 972'dollars. ^ • • 

NOTE Percents are calculated from unrounded figures. Detail may not add to total b.ecause of rounding. 

SOURCE. National Science Foundation. Nationel Patterns of RS»D Resources, 1953 1978-^79 (N$F 70-313) t^nd Department' of 
Commerce, Bure^^u of Economic Analysis. Survey of Current Business, and "Commerce News." ' ■ ' ^ 



See figures 2-2 arui 2-3 
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TRIG 



C ' '^^^^^^ .Natiohaiiitptr\dlturti for ^ftQ by tourct; IMO-''* : ' 

' ' " ' PodorftI ' ■ UniyorsHioa nonprofit 

Year •To!ttl QovorniDont Industry ftnd collogoB^ Inslllijllons 

Curron! dcjlars ■ ^ 

1960 V $ia.52n $ 8,738 $4,516 $ 149 $1^0 

-1961.! ... 14,316 9.250 4,757 165 144^ 

1962. - . 15.394 9.911 5,123 185 175 

1963 17,059 11.204 5,456 207 192 

1964 . 18,854 ^ 12.536 - 5.888 235 195 

1965. 20,044 ^ ^13.012' 6,548 267 217 

1966 ^ . . , . 21.846 lb.969 7,326 303 246 

1967": 23,l4fe . 14.395 8,142 945 264 

1968.. .'. 24,604 14,926 9,005 391 - ' 282 

f^69 .... 25^631 ^ 14,896 10.010 420 306 

1970 25,905 ^ 14,668 ^ 10,4$9 ' 461 , 337 

1971 26,595 14,&92 ' 10.bl3 529 361 

19^2. . . ^'^?8,413 15,7»>^ ^ 11.699 -675 385 

19t3. . 30,615 16.30"9, '13.278 . - ' ^615 413 

1974 32,7,34 16.7v54 ' 14,€54 67^ " - 449 

1975 35,200 lti.152 o16,787-' , 51 1 

1976 . : , . A 38.816 ld.628 ' - 1^04 / ' \ " 563 - 

1977 (prelim) 42,902 21.649 19,739. 893" ^ 621 

19>8(est) .' 47,295 23;81S ''t-21.780 * . 1,0Q0 ^ 700^ 

•1979 (jgjl^iv . 51,630 '25,7h5 . 24,050 ,1,1lO... 755' 

: " ^ ' . '-.5" Constant 1972 doliars^ r* ^ - ' 

f960 . . ..$19':^93.' -'^^ $1*2.725 »■> $ 6,576 ' $ ^217 $175 , 

1961... .- 20.664 13.331 "Gfi^d' " €36 209 v 

^1962 , . ^^-^1.820 14,048 • ' .7..262y 262^ 248 

1963 -.^V. 23,82» ,16.651 ' 7.621* . 269 268 

1964 . . Is.. . 25,930 • l7,241 , -'^8.098^ ' 323 268 ^ 

1965;'. 26.970 17,55^ . 8,81'1 . 359 * 292 

1966 : ... 28,460 1«^198 '9.547 .'^ 355.; 3?D 

1967... ... 29.291 18^17 ' " 10.3p3 437 , ?W334 

19B8 V S9.798 . 18,07:^ 10,906 474 S[ 341 

1 969 ...... ./^ V. ; . 29.556 ^ f?, 17^ . 11 .543 . 464 1363 

■5070^ 28.3^6 16.056 ^ 11.426 505 069 

'1971'*,: .^ . 27.697 15.509 11,261 . 551 376 

laZSKT:^. 2a.413\ 15.755 '11.698 575 3B$^ . 

1973 ^8,937 1<5.415 . 12,550 581 391 

1974 \ 28,214 * ^^440 /^^t6e3 ;5e4 . 387 

'l975 27,'684 14,276 12.416 590 402 

1976., 29.01^9 ♦ 14,674 • 13,310 ^614., 421 

1977 (prollm)- 30,296 ' 15.288 13,^39 631 43S 

1978 (ost) T 31.1.36 15.67^ 14.336 658 ^ 461 

1979(est) 31,772 15,8^ . 14.800 * 683 /465 

'Includes State and local sources which have accounted for almost one-hairoTthese oy- 

Henflltuces slnce^970. . . * . - t...- • 

'GNP Implicit dejiators used to cpnvert current dollars to constant 1972 dollars. 

n6tE: Detail may not add to totals because of rounding. , *^ 

' SOURCE: National Science Foundation. National Patterns of ft'&O Rosources, 1953-1978-79 
(NSF 78-313). p.36.. ' " ^ ' 

See figure 2-4. * - ScienoolndiGalorsr 1978 
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Tteble 2*4. National expendlturet for RAD by parformtr: 1960-70 



|Dollftr« in ifiiHlon«| 



>tear 



Total 



FocJoral 
Govornmont 



1960 $13,523 

1961 ♦M.vlie 

1962 15.394 

1063 .... 17.059 

1964 ■ ■ . 16,(354 

I9651 20,044 

1966 \ 21.846 

1967 ?3.146 

1960 24.604 

1969 26^63 > 

1970 25,905 

1971 26.595 

1972.......;. 29.413 

1973 ; 30.615 

1974 32.734 

•1975 . . 35.200 

197^ 38.816 

19"77(pr^im) . 42.902 

>978 (est) ... 47,295 

1979 (est) ... -51.630 



196G ^ $19,693 

t961 . 20.664 

1962 ♦ . . 21.820 

1963 . . 23.829 

1964 25.930 

1965 . . , . 26.970 

1966 28.460 

1967 ♦ 29.291 

1968 29.^98 

1969 29.556 



1970 ... 

1971 

1972 

1973 

1974 :....?>., 

1975^.V . J 
1976....'.!.^. 

1977 (prollm) 

1978 (esl) . . . 

1979 (Osl) . . . 



28,355 
27.697 
28.4'l3 
28.937 
28.214 

27.684 
29.019 
30.296 
31J36 
31.772 



$1,726 
1.874 
2.098 
2.279 

_2.83a 

3.093 
3.2i20, 
3.-396 
3.493. 
' 3.603 

3.QI55 
4.156 
4.4Q2 
4.619 ■ 
4.815 

5.397 
5.710 
6.142 
6.565 
^6.940 



Ur)lvorsllio8 
Industry and colleges' 

Current dollprs 

$1^.509 
fQ,908 . 
1 1.464 



Other 
nonprofit 
FFRDCs* Instftutlons 



12.630 
13.512 



$ 646 

763 
904 
1.081 
1.275' 



$ 3g0 
410 
470 
530 
629 



$ 202 
361 
458 
■539 
600 



1.474 ?n 
1.716 - 
1.921 
2.149 ^ 

2.335 
2.500 
2,676 
2.940 
3,023 




.513 
.70S* 



$2.51; 
2r 
2.9747 
3.183 
3.903 

4.162 
r 4.195 
4.298 
'4.2J)0 
'4.039 




^14.185 

- 16.385 
;t7,-429 
-18;308 

18.062 
. 18.311 
.19.539 
21,233 
22.867 

V 

4 

24.164 
26.906 
29.895 
33.260 
36.750 



,Con8{nnt'l972dolldrs^ 

$15,304 

15.745 

16.?^9 

17.642 
,18,583 



19.086 
20.255 
20.735 
21.108 
21.1*12 

19t776 
1^.070 
19.539 
20.069 
19.710 



629 
630 



719 



66 ; 



725 

737 
716 
764 
817 
865 

. 987 

1.147. 

1.384 

1.375 

t.425 



19.004 
20.115 
1.111 
21,889 
22^615 



'Jncludes Stale ;and local s4X»rcos 
^^Federally Funded RMearch and 
•^GNFV implicit price deflators used 



Developmerjl 
lo conv^H^'ur 




$ 941. ^ 


' $ 524 


1.101 


592 


1.281 • 


666 


1.510 


. 740 


1.754 ■ 


865 


1.983 . ' 


846 


2.234 ^ • 


821 


2.431 


- 852* 


2.603 


. : 


2.566 


836 


2.556 


'807 


2.604 


746 


2.676 • 


7en 


2.779*- 


772 


2.606 


746 . 




- 


2,681'- 


' • 7J6 • 


.2.>89 


858-. 


2.870 


977 


3.0i18 


- 905 


3.055* 


' '877' < 



63 
3 
771 
814 
870, 

916 
**912 

952 
1.006 
1.164. 

'1.243 
1,323 
1.417 
1,520 
1.550 



$ 

521 
649 

753 
825 



892 
§55 
976 
986 

,003 



.009-' 
950' , 
952 
951 
.003 . 

978. 
989-., 
.OQt • 
.001 / 
954 



enters administered by uniyersities. 
lit dollars to constant 1972 dollars. 



SOURCE, rational Science Foundation. National Patterns of RS^D R^^ources. 1953-1978-79 
(NSF78-313)..p.^|7. . - . ^ 

See figure 2-5. - ^ ^ . Scioncolhdjc^tflTry"' 1978 



Tkble 2-5, Scientists and •nglnMrt^ employed In RI^D by teotor: 1061-77 

I In thousands) 



Yonr 



Total 



1961 425.7 

1965 494.5 

1968 a 550.4 

1969 556.6 

1970 546.5 

1971 526.4 



Fodoral 
Qovornmont 

' 51.1 
61.8 
68J 
69.9 
69 8 
66.5 ■ 



lf\dustry 

312.0 
348.4 
381.9 
385.6 
375.5 
358.4 



Other 

UnlvorslUos ^ .nonprofit 
and coll»{)(^8 FFRQC's^ Inslltutlons 



42.4 
53.4 
66.0 
68.3 
68.5 
68.4 



9.1 
11.1 
11.2 
11-6 
11.5 
11.5 



.11.1 
19.9 
23.2 
21.2 
21.2 
21.6 



"tO?2v: . 7— — --mBI^- 

1973..., 517.5 

1974( 525.4 

1975... 534.8 

1976 '-549.9 

1977 (est) .... 571.1 

1978 (est) .... 595.0 

1979 (est) .... 610 0 



-65:2- 
62.3 
65.0 
64.5 
65* 3 
64.5 
65.0 
65.5 



"353:3— 
357.4 
359.5 
362.6 
372.4 
390.1 
410.0 
421.0 \ 



-66vr 
63.5 
65.5 
70.2 
72.4 
75.0 
77.5 
80.0 



-irr 

12.0 
J2.1 
12.7 
13.4 
14.0 
14.5 
15.0 



-2t:B 
22.3 
23.3 
24.8 
26.4 
27.5 
28.0 
28.5 



'Full-titTie equivalent basis, excluding thQse en\ployed In St'attj ^d local agencies, and Calcu- 
lated as the yea^rly average lor the indwslry sector. ^ 
. ^Federaiy Funded Research and Development Centers administered by universities. 

^OURCE: ^National Science Foundation. National Patterns of y^AD Resources. 1953-197d-79 
jrvJSF7'Q-313)\p. 45, and unpublished data. 



See figure 2-6.\ 
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Tat>le 2-6.\^Expdndl(ures for research and for development: 1960-79 

I Dollars in fT^illior^sj 



. Ro6oarol\ tQtal 

Current 
dollars 



Development total 



4.217 
4.466 
V^.389 
^,707 
117 




1975 
1976 

1977 (prQlltn) 

1978 (est) 
1.979 (est) 



Constant ^ 


Current 


1972 dollars* 


, \ dollar^ 


$ 6,141 


$ 9,306 


6.446 


9,850 


7.639 


10.005 


7,972 


11,352 


8.825 


12.437 


. 9.276 


13.1-50 


9.660 


14.431 


. 9.924 


15.304 


10.217 


16.168 


10.109 


16.864 


10,098 


16,679 


\ 9.8 I'D 


17.175 


\ 9:800 


18,6r3 


\ 9.976 


20,061 


^.900 ' 


21.246 


9,\l1 


22.726 


10,4\l 


24,850 


10.8191 


27.582 


11,04l\ 


30.626 


11,354 \ 


33,180 



Constant 
1972 dollars^ 

. $13,552 
14.218 
14.181 ' 
15.857 
17. 1( 




18.256 
17.887 
18.613 
18.961 
18.312 



1Z.873 
18:578 
M9.477 
20.095 
20.41 



i^l^P Implicit price d^^flators usogJ to convert current dollarV^^to constant 1972 dollars.^ 



SOURCE: National Scl^ce Foundation. National Patterns orRS^D.Resource^, 1953\l97B-79 
(NSF 78-313). calculated from pp. 30-^5. \ . ^"''^ 

. See^lgUre 2-7. ' -v. ■ : . ^ ^ ' » \Sci'o?fco Indicators n:\978 




lt^b\% 2 7. Total r*MArch exp^ndlturM Bi^wurce: 1980 79 

IDollars In mlllionBl 



Yoat 



TbiQl 



1960 . $ 4.217 

1961 4.406 

1962 5.389 

!963 5707 

1964 . * ... 6.417 

1965 7777 TTr T'^T " 6!894 

1966 ... . 7.415 

1967 7.842 

1968 8.431 

1969 8.767 

1970.. 9.226 

1971 9.420 

1972 9.800 

1973 10.554 

1974 11.488 

1975 12*474 

1976 M 3.966 

1977 (prolim) , \ 15.320 

1978 (est) 16.770 

1979 (Ost) 18.450 

I960 $ 6.141 

1961 6.446 

1962 v 7,63& 

1963 * 7.972 

1964 8.825 

1965 .... 9.276 

1966 9.Q60 

1967 9.924 

1968 10.217 

*'1969 ... 10.109 

1970 .... 10,098 

\ 1971 ^9.8ltf 

\ 1972 9.800 

1973 9.976 

1974 9.900 

1975 9.811 

1976 10,441 

1977 (prolim) 10.819 

1 978 (est) 1 1 .04 1 

1979 (est) 11.354 




\ 



Federal 
Oovornmont 



$2,403 
2.628 
3.198 
3.436 
3.99^ 

4.561 
4.901 
5.155 
5.236 

5.527 
5.548 
5.725 
6.114 
6.485 

7.1 14 
7.947 
^.687 
9.475, 
•NA 



Industry 
Current dqllorB 

■'$1,568 

1.556 
. 1.864 

1.908 

2.027 



2.115 
2.351 
2.381 
2.660 
2.860 

2.954 
3.039 
3.177 
3.494 
•3.97S 

4.207 
4.752 
5.254 
5745 
NA 



Mvorsltle? 
and colleges 



$138 
154 
172 
193 
221 



"2S2" 
285 
325 
373 
403 

448 

515 
555 
582 
635 

703 
771 
834 
940 
NA 



$3,499 
3.792 
4.533 
4.799 

^^.492 

5.830 
. 5.942 
6.202 
6.243 
6.038 

^ 6.O50 
5.778 
5.725 
5.779 
5.589 

5.595 
5,941 
-6.134 
6.237 
NA 



Constant 1972 dollars' 

$2,284 
2.246 
2.643 
2.665 
2.788 . 



2.846 
3.063 
3.014 
3.222 
3.297 



3.233 
3 J 65 
3. 

3.; 

3.426 



3.172 
3.303 



3.309 
3.552 
3710 
3782* 
NA 



$201 
223 
244 
270 
304 

339 
371 
"411 
451 
465 

490 
•536 
555 
550 
547 

553 
577 
689 
619 
NA 



Nonprofit 
institutions 



$108 
128 
156. 
170 
175 



218 

235 
248 
268 

297 
318 
343 
364 
393 

450 
496 
545 
610 
NA 



$167 
185 
219 
238 
241 

261 
284 
297 
301 
309 

325 
. 331 
343 
344 
338 

354 
371 
385 
402 
' NA 



'GNP implicit price deflators used to convert current dollars to constant 1972 dollars. 
I^A - Not.av^llable. ^ ? ' - 

NOTE: Detail may not add to totals because of rounding. 

.SOURCE: National sJenc^ Foundation. National Patterns of R&D Resources, 1953-1976-79 



(NSF 78-313), calculated from.pp. 38 and 40. 
See figure 2-8. 
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Table 2 8. Percent change In the number of science and technology articles^ by U.S. 

authors by field: 1973-1977 

Fleld^ 1973 1977 change 

All fields A 109,328 " 102,433 -6 

Clinical medicine 32,565 33.4 J!6 3 

Biomediclne 16.120 16.186 . (^) 

Biology ;..V...,: 11,151 9,904 * -11^ 

Chemistry . ' ' : . . . . 10.566 8,976 - 15 

Physics \ 11,710 10,987 ^ -6 

Earth and spaed sciences : 5,591 ^ 4.810 -14 

Engineering and technology 11,954 . 10.078 ^16 

Psychology 5.540 4.949 ^ 1 1 

Mathematics 4J26 3,112 . -25 

* Based on articles, notes and reviews in over 2.t00 6t the influential journals carrfed on the 
1 973 Scionce Citation Index Corporate tapes of the Institute fqLSclentlfic.lnformatlon, 
2 See Appendix table 1-10 for the subfields included IhJhe^Wlelds. 

^Less than 0-5 percent. « ■ - f ^ 

, • . r ^ ' - ' ■■ 

SOURCE: Computer Horizons Inc., unpublf^Hpd 6^^'^"'' ^ 

. .>*'. • 

See figure 2-9. ' . - ' ^ >Sciencolndlcators~-1978 
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Ttebit 2-9. Distribution of tclentlflc and ttchnloti •rtlclM^ writttn by U.S. iclfntlttt and tnglnMrt by fl«ld and research aector: 

1»73 and 1977. 



•X Yonr 



Totni 



Univorsrtios 
anil 
colloflos 



Fodorfll 

Govt 



Number 



Norwfofit . 
Instlt^lona^ 



All 
olhors 



Tolnl 



Unlvotsition 
and 
collogoB 



Fodorol 
Gov't 



Industry^ 
Poiconi 



Ndnprofil 
Institullons^ 



FFHOCs* 



All 



All fields 


1973 


109.320 


72.356 


11.667 


11.008 


7.300 


3.282 


3.713 


100 




1 1 


10 


7 


3 


3 




1977 


102.433 


69,319 


10.150 


9.285 


6.854 


3.202 


, 3.623 


100 


68 


10 


9 


7 


3 


3 


Cltnicnt inodicmo 


1973 


32.565 


20.781 


.3.801 


1.310 


'4.749 


186 


1.738 


100 


64 


/ „ 


4 


15 


1 


4 




1977 


33.425 


22.120 


3.766 


1.121 


4.629 


162 


1.627 


|00 




r 11 


3 


14 


1 


5 


Uioniodicino 


1973 


16.120 


12.tJ20 


1.530 


006 


1.123^ 


327 


314 


100 




^ 9 


3 


7 


2 


3 




1977 


10.186^ 


'12.628. 


1.489 


44? 


1.060 


257 


• 310 


100 


78 # 


9 


3 


7 


2 


1 


Biology . . * . . 


1973 


11.151* 


7.733 


2. 188 


384 


377 


53 


416 


100 


69 


20 


3 


3 


D 


5 


1977 


9.904 


7.169 


1.610 


322 


A 302 


53 


448 


100 


72 


16 . 


3 


3 


D 


6 


Chdniistry ..... 


1973 


10.566 


7.23?" 


79C 


1,847 


202 


361 


129 


100 


68 


7 


/ 17 


2 


3 


3 




1977 


8.976 


. 6.270 


630 


1.415 


187 


346 


122 


100 


70 


7 . 


16 * 


2 


A 


1 


PJiysics . 


1973 


11.710 


7.238 


1.032 


1.706 




1.308 


276 


100 


62 


9 


15 


1 


1 1 


2 




1977' 


10.987 


6.772 


654 


1.672 


143 


1.318 


22d' 


^ 100 


62 


8 . 


15 


1 


. 12 


2 


Badti ond tjpQCO .scionco . 


1973 


5.591 


3.769 


883 


281 


170 


383 


105 


100 


67 


16 ' 


'5 


3 


7 


' 1 1 


1977 


4.810 


3.347 


031 


' 269 


137 


300 


59 


100 


70 


13 


6 


3 
»■ 


6 




Enginoofing nnd tochnotogy 


1973 


11.9^4 


4.716 


1.080 


4.789 


294 


■ ^23 


452 


100 


39 


9 


40 . 


2 


5 


5 




1977 


't0.078 


3.870 


908 


3.686 


213 


715 


384 


100 


^8 


9 


39 


2 


7 


.5 


PsyCholoqy — 


1973 


5.540 


4.783 


252 


75. 


169 


7 


264 


100 


. 86 


5 


1 


3 


(•') 


5 


1977 


4.949 


4.295 


181 


75 


125 




264 


100 


87 


4 


1 




. 1") 


5 


Muthoinalics 


1973 


4.126 


3.782 


109 


109 


66 


32 


28 


100 


92 


3 


3 


2 








1977 


3.112 


2.842 


81 - 


81 




' >^3 


17- 


100 


91 


3 


3 


2 






^ Based on articles'; notes and reviews In ov©r 2,100 of the Influential jourhais carried on the 1973 Science Citation Indox Corporate tapes of the Institute for 







2 See Appendix table MO for the subflolds Included in these fields. ^ . 

^E)(feludlng Federally Funded Research and Development Centers (FFRDC) administered by these sectors. 
^FFRDC's administered by universities. . • ^ . 

* Less than 0.5 percent.' 

NOYE: Detail may not add to totals because of rounding. 

SOURCE: Computer. Horizons, Inc., unpublished data. , . 



See discussion following figure 2-8. 
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T)ibl« 2-10. lnilex\of cooperative reeearch bated on eclentlflc and technlciil articles^ by field and aelected 

reaearch-performing aectora; 1973 and 1977^ 



Universities 
and colleges 



Federal 
'Qovernmont 



Industry^ 



Nonprofit^.. 
Institutions 



FFRDCV 



State ^ 
and local 
governments 



Fields 



Biology 



Mathematics 



'I 



1973 


1977 


1973 


1977 


1973 


1977 


1973 




1973 


1977 


1973 


• 197; 


35 


39 


43 


51 


22 


26 


57 


60 


38 


43 


62 


64 


62 


55 


59 


68 


36 


40 


63 


66 


36 


51 


72 


74 


34 


32 ^ 


45 


49 


31 


39 


55 


55 


40 


45 


64 


56 


26 


30 


32 


39 


27 


38 


37 


39 


40 : 


rfs 


42 . 


• 47 


19 


21 


22 


27 , 


15 


16 


33 


40 


43 


46 


30 


319 


31 


35 


26 , 


34 


20 


23 


38 


44 


42 


46 ■ 


(*) 


(«) 


32 


35 


37 


41 


39 


. 39 


45^ 


43. 


40 


46 


(^) 


(^) 


29 


30 


28 


29 


18 


21 


24 




24 • 


25 


22 




21 


25 


48 


58 


42 


4l\ 


, 46 


I9 


(») 




52- 


56 


16 


19 


24 


35 


31 


45 \ 




47 


(^) 









^Based on articfd^rH^tes aha reviews in over 2,100 of theWKjential journals carrle^i on^je 1 973 Sc/oncoC/Yafto/f/ndex Corporate 
Tapes of the Institute for Scientific Information. 

2 Consisting of the percentage of all prtlcles which were written by scientistVend engineers Vi a glveij organisation with S/E'^rom 
another organization; e.g., If S/E*s from one university co-author an article with S/E's from anowier unlversltyirfr cofporatlopt it is ' 
asslimed here that there was some degree of cooperative resiearch performed. - 
^Excluding the Federally Funded Researcf^^and'Developmerit Centers administered by this sector. 
^FFRDG's administered by universities. 

> 



^Because the total number of articles was'fess than 50. no index percentages are calculated. 
SOURCE: Computer Hprizons, Inc., unpublished data. 



See figure 2-10. 
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Tlibit 2*11. National RftD •xpandlturM by oharaoUr of work: IMO^O 

IDollnrs in milllonsi 



Basic 

Yoar . research 

1960 * $1,197 

1961 # 1.401 

— AJ24 

1963 1.965 

1964 2.289 

1965 . . . . . V 2.655 

1966 2.814 

1967 3.039 

1968 3.274 

1969 3.425 

1970 3.513 

. 1971 3.577 

1972 3.748 

1973 3.877 

1974 4.144 

1975 4.527 

.1976 4.881 

J 977 (prelim) 5.440 

'l978 (est) . . . 6.045 

1979 (est) ... 6.700 



Corron! dollars 

Applied 
research 



$ 



3.020 
3.065 
__3,66S- 
3.742 
4.128 

4.339 
4.601 
4.803 
5.162 
5.342 

5.713 
5.843 
6.052 
6.677 
7.'344 

7.947 
9.Q85 
9.880 
10.725 
11.750 



DeveiopA 
ment 

$ 9.306 
» 9.850 , 
_1il,005— 

11.352 

12.43 

13.150 
14.431 
15.304 
16.168 
' 16.864 

16.679 
17.175 
18.613 
20.061 
.21.246 

22,726 
24.850 
27.582 
30.525 
33.180 



Basic 
research 

$1J43 
2.022 



Constan! 1972 dollar^j^ 
Al 



APP 

rAe 




3.438 
3.666 
3.846 
3,965 
3.949 

3.1846' 

3,725 
3.748 
3T665 
3.571 

3.561 
3.649 
3.842 
3.980 
4.123 



Dpiied 
Search 

$4,395 
4.424 
-^,19>> 
5,227 
5.677 

5.838 
5.994 
6,07fl , 
6.252 ' 
6.1.60 

6.253 
^'^085 
6.052 
6.311 
6.329 

6.250 
6.792 
6.977 
7.061 
7.231 



Develop- 
ment 

$13,552 
14.218 



15.857 
17.105 

17.694 
lp.800 
1 9.367 
1.9.581 
1S.447 

18.256 
17.887 
18.613 
18.961 
;i8.312 

17.873 
18,578 
19.477 
20.095 
20.418 



'GNP implicit price deflators used to convert current dollars to constant 1 972 dollars. 

NOTE: The following definitions apply to the character of work catogofies presented abOvo. 

Basic research. For three of the sectors— Federal Government, universities and colleges, and 
other nonprofit institutions — the definition of basic research Is directed toward Increases of 
knowledge in science with " . a fuller knowledge or un^rstanding of the Subject under study, 
rather than^a practical application thereof ." To take account of an individual Industrial company's 
comrrtircial goals, the definition for the industry sector is modified to indicate that basic research 
projects represent "... original investigations for the advancement of scientific knowledge . . which 
do not have specific commercial objectives, although they may be in fields of present pr potentlajj 
Interest to the reporting company." ""^r^ 

Applied Research, The follovying Is the cere definition in the NSF questionnaire sent to the 
universities and colleges^: "Applied research Is directed toward practical applicatjon of knowl- 
edge." Here again, the definition for the industry survey takes account of the cn^racterlstics of 
Industrial organizations it covers '\ . . research projects which jBprOsent investigations directed to 
discovery of new scientific knowledge and whichhave speclfic comrri^rcial objectives with respect 
to either products or processes/' . 

Development. The NSF survey, concept of development may be summarized as . . the 
systematic use of the knowledga'or understanding gained from research dlrected'toward the 
production of useful materials, devices. systems,or methods, including design and development of 
prototypes and processes/* ^, 

SOURCE: fvJational Science Foundation.'^faf/ona/ Patterns 6f R&O Resources, 1959-1978-79 
(NSP 78-313). pp. 39. 41. and 43. 



See figure 2-11. 
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Dibl« 2*12. Batic rotarch axpandlturM by touroai 1960-79 

, IDoilans In millions I ^ - 



Yo«r 



1960 
1961 
1962 
1963 

..1B64.. 



Total 



$^197 
1,401 
1,724 
1.965' 

„_2.2tia__ 



Fodoral 
Govornmoni 



1965 ... 2.555 

1966 r.. 2,814 

1967 3.d99» 

1968 3.274 

1969 3.4?5 

1970 3,513 

1971 3.677> 

1972 3.7 

1973 3. 

1974. .. ... 4. 

1975. 4.527 

1976 4.881 

1977 (prelimj ^ B,440 

.1976 (ost) 6.045 

1979 (est) 6.700 



1969^ :.. $1,743 

1961 . ^2,022 

1962. V.T'' ... 2.444 

1963.. 2.745 

1964.' 3.148. 

1965 3.438 

1966 ;3,666 

1967- 3,846 

1968 3.965 

1969..... ....Tfrrrt^. 3,949 



1970s. •3.845 

1971 . . / 3.725 

1972 . . ..^"^X^ 3,748 

1973 ?\. .1.. 3.665 

1*974 ; * '3,571 




'1975i\.;.r'. ...s \ 3,561 

1976 \649 

1977 (preilm) 3^42- 

1978 (est) ........ 3,980 

1979 (est) 4,123 



Industry 
Curront dollars 



Unlversitlt^s 
and collogos 




Constant 1972 dollar*?' 



$1,041 
. 1.261 
' 1.603 
1.831 
2.196 

2.434 
"2.578 
2.764 
2.802 
2J96 

2.685 
2.635 
2.553 
2.495 
2,43p 

2,428 
2.5Q8 , 
2.652 
2.7.58 
. NA 



. Othor 
nonprofit 
inotitutions 



$ 715 


$342 


$ 72 


$ 66 


874 


361 ^ 


85' r 


• 61 * 


1.131 


394 


102 


^7- 


1.311 


425 


121 ^ 


4P8 






144 


_1_14__ 


1,809 


461 


164 


121 

Y 


1 .979 


510 


196 


129 


? 184 


492 


223 


140 


2.314 


635 


276 


149 


2.426 


540 


29^ 


162 


\ 2.453 


528 


360 


' 182 


\ 2.434 


^ 547 


400 


196 


2.553 


563 ^ 


414 


218 


2.640 * 


605 


408 


224 


2.826 


649 


432 


237 


'3.087 


: 6*8 


479 


273 


3.355 


760^ 


481 


285 


3.766 


840 


527 


1317 


4.190 


895 


600 


^360 


NA 


,^ NA 


NA' 


NA 



$498 


$105 


. ' $ 99 


521 


123 




559 


145 




594 


169 


151 


597 


198 


157 


'620 


^ 221 


• 1§^ 


665 


255 . 


168 


623 


282 


177 


648 


334" 


181 


6?2 


^44 


187 


578 


• 383 


199 


* 570 • 


416. ' 


204 


563 


414 ^ 


• 218 


572- 


386 


212 


569- 


. 372 


204 


^ 541 


377 . 


^ 215 


568 


360 


213 


593 


372 


224 


569 


395 


297 


NA 


NA 


NA 



^QNP Implicit pr(c$ deflators used to convert current dollars to constant 19« 



dollars. 



NA 



Not available. 



SOURCE: National Sclenpe Foundation, National Patterns of R&D Resources, 19'63* 1978-79 
(NSF78-31^),p.'38. ^ * * * , 



See ligure'2-12. 
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V lkb\% 2-13. Appllild r«MBrch •xp«ndltur«e by tourot: 1960-79 

I. ' ' ^ ^ 

1 Dollars In mllllohsl 

) 1 ■ ' ' : 1^ _i ^ - „_^,^.2J„-:_._^ 

om«r ^ 

^ hoderal Universities non|)rollt 

Year Ibtal Qoverrtment Industry and colleges institutions 

*' , Current dollars % 

1960 $ 3,020 * $1,688 $1,226 $ M $ 40 • 

.1961....- 3,065 1,754 1,195 69 47 

1962 3,66& • 2,067 1,470 70-- 58 

1963. ' < 3,742 ^ 2,125 1»483 72 ' ,62 

1964 4.128 .2,397 • ^ 1,993 ^ 77 . ' 61 

• 1965 . 4,339 2,524 1^^664 8d 73 

1966 r 4;601 . 2,582 1,841 ' .69 * 89 

1967 4,803 2,717 > 1,889 <02 . 95 ^ 

1968 5,162 2,841 2,125' 97 ' 99 

1969..../ 5,342 2,811* 2,^20 105 " 106 

1970 5,713 3,074 2,426 ,98 \ 115 

1971 • 5.843 , 3,1l4 ^ 2»492 J15 122 

1972 6,052 3,172 2,614 141 125. 

1973,./ 6,677 3.474 2»889^ ' .174 140 

1974 • 7.344 ' 3.659 3,326 203 156 , 

1975.... ...I. '7,947 4,027 3,519 224 177 

1976 9.085 4,592 ' 3,992 290 211 ' 

,1^77 (prelim.) 9,880 4,931 4,444 * . 3Q7 228 

1978 (dsl.) 10.725 5,285 4,850 340 250 

1979(esl.) 11,750 NA . NA NA NA ^ 

Corfslanl 1972 dollars'. 

t960 , $ 4,398 $2,-458 $1,786 • $ 96 ' $58 

1961 4,454 2,531 1,725 100 68 

' 1962........ 5.195.* 2,930-^ 2.084 99 62 

1963 5,227 2,968 ^ 2,071 101 87 

1964 5,677 " 3,296 N 2,191 ,106 84 

1965.. ^!V. ^ 5,838 . 3,386 2,226 118 98 

1966 5,994 . 3,364 2,398 116 116* 

1967 6,078 #3,438 2,391 129 120 

1968...'. 6,252 3,44 1' 2,574 117 ^120 

1969.., 6.160. 3,242 2,675 121 s 122 

1970 6.253 3»365 2,655 107 126 

1971. .' 6.085 3.243 2.5^5 ^ 120 127 " 

1972 ' 6.052* 3.172 ,2.614 141 125 

1973 ' 6.«1 » 3.284 2,7Sl| • 164 , , 132. 

1974 6.329 3.153 2.867J ' 175 i134' 

.'1975 6.250 ' 3.167 2.768 176/ 139 

1976 6,792 3.433 2.984 217 . ' 158 

1977 (prelim.) 6,977 3,482 3,117 ^ 2lV, ^ 16) 

1978 (est.) 7.061 3.479 3.193 224 165 

1979 (est.) * 7.231 NA NA NA NA, 

^ z 

^GNP impllcl! price defljalors used !o convert current doltars to conslani 1972 dollars. 

NA - No! available. ' ' » • . • ^ 

I 

SOURCE: Nallonal Science F^oundallon; National Patterns of RS,D Q0sources, 1953-^1978-79 
'(NSF 78'-313). p. 40. . 

See figure 2-12. , Science Indlcalors— 1978 



180 



Tliblt 2-14, Otvtlopm^nt txptndlturtt by tourer; 1060-70 

(Dollars In millions] 



Other 

Federal- * * Universities nonprofit 

Year Tbtal Qov^rn?tient Wustry and colleges Institutions 

' ^ * • . Current dollars ^ 

1960 $ §.306 $ 6,335 " $ 2,948^ $11 . $12 

1961 9.850 6,622 ' 3,201 ' ♦ ^® 

1962 ^ 10.005 6.713 3.259 .13 20 . 

1963 11,362 7,768 3.648 '14 22 

1964 12,437 8,542 3,861 14 20 

1965 ' 13,150 8,679 4.433. .15 23 

1966 >....*... 14.431 ' 9,408 4,977 18 28 

1967... 15.304 9,494 ' 5,761 20 29 

1968 16,168 9.772^ 6,346 17 34* 

1969,. 16,864 9,659 7.150'' 17 38 * 

1970......*. 16,679 9,141 ' 7,485 13 ' 40 

1971..... 17.175 9,344 ^ 7,774 14 43 

1972 18,613 10,030 8,52 V • 20 42 

^1973 20.061 10,195 9,784 33 49 

1 974 21 .246 1 0,26& 1 0,879 42 ^6 

1975 22,726 11.038 11.580 47 61 

1976 24,850 11.68V 13.052 50 67 

1977 (prelirp.) 27,582 12.962 14,485 59 * 76 

1978 (est.) 30,525 14.340 16,035 60 90 

1979 (est.) 33,180 NA NA NA NA 

y/' Constant 1972 dollars' ^ 

1960 , $13,552 $ 9,226 $ 4,293 $16 $17 

1961 14.218 9,558 4,621- 16 23 

1962 , ' 14.181 9,51^ /,619 , 18 - 29 

1963 15.857 10,850 4,956 20 31 

1964-.^.. 17,105 11,748 5,310 .19 28 ^ 

1965 17,694- .11,678 ^ 5.966 20 '31 

1966 18.800 12.256 6,484 23 ^ 37 

1967 ' 19.367 12.015 7,290 25 37 

1968 19.581 11,835 ^ 7,684 21 * 41 

1969 M 19,447 ' 11;138 8,245 20 44 

1970 ^ 18.256 1 0»005 8,193 14 '44 

1971 17.8^7 9.731 8.096 15 45 

1972.... 18.613 10.030 8,521 20 42 

ll973 18,961 9,636. 9,248 31 - 46 

1974 18,312 8,851- 9.377 ^6 48 

1975 17,873 8.681 - \ 9,107 37 48^ 

1976 18,578 8,733 * 9.758 37 * 50 

I977(j)rellm.) 19,477 9,153 10,229 42 54 

1978 (est,) 20,095, . 9,440 10,556 s 39 . ' . 59 ' 

1979 (est./. 20^8 NA * NA NA NA 

^ GNP Implicit price deflators used to convert current d6llars to constant 1972 dollars. 



I 



NA « Not available. 



SOURCE: National Science Foundation. NationarPatterns of RAD Resources, 1953-1978-79 



(NSF 78-313), p. 42. 

See figure 2-12. 
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•bit 2-15. Ftdtral obligations for R ft D by mi|or fupc\lonr19604l979 




Dollars in billions « 



Yoar Tot|l 

1960......'... $7^ 

1961 9 1 

19^2.. .s 10.3 

1963 12.5 

1964 14.2 

1965 l4 6 

19e6.\.". ... A 15.3 

1967... 16.5 

1968 15.9 

1969 15.6 

1970..^ 15.3 

1971 15.S 

1972 16.5 

1973 • *Xp"8 

1974 17.4 

1975 19.0 

1976 : 20.7 

1977., 23.9 

1978 J,.. 26-2 

1979 (est.).... 29.4 



As percent of total obligations 



^efanse 


Spaoa 


uiviiian 


f 80 


Spsce 


OIVIMC 


$6.1 


$0.4 


$1.1 


5 


: ' 14 


7.0 


.8 


1.3 


77 


9 


'14 


7.2 


1.4 


1.6 


70 ' ^ 


14 


. 16 


7.8 


2.9 


1.9 


62 


^3 ' 


15 


7.8 


4.3 


2.1 


55 


30 


15 


7.3 


5,0 


2.3^ 


50 


34 


16 


V 7.5 


5 1 


2.7 


49 

52. ^ 


^33 


18 


8.6 . 


4.6 


3.3 


2P 


20 


8.3 


4.2 


3.5 


52 


^ 26 


. 22 


8.4 


3.7 


3.6 


64 


i 


23 


8.0 


3.5 


3.8 


'52 


^ 23 


25 


0.1 


2.9 


4.5 


52 


^9 


29 


8.9 T 


2.7 


4.9 


54 


16 


30 


9.0^ 


2.6 


5.2 


'54 


16 


31 


9.0 


2.5 


• 5.9 


. 52 


14 


34 


9.7 


2.5 


6.8 ' 


51 


13 


36 


10.4 


2.9 


7.4. 


50 


14 


36 


11.9 


3 1 


9.0 


50 


13 


38 


12.6. 


S.I 


10.5 


' 48 - 


12 


40 


14.1 


3.6 


11.7' 


48 


12 


40 



Source: Special Analyses: Budget of the United States Government, f^lscal Year 1980, \ 
p, 324. • , ■ 



NQTEi Detail may not add to totals due to rounding. Estimates given for 1979 may 6tiange' 
significantly as the result of Congressional action on agency budget requests. 



See figure 2-13. 
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Dibl« 2-16. F«d«r«l obllonilons for R&O t>y1unctlon: 1969-70 

IDollars'lrl millions) ' 



1969 



1970 



197a 



1973 



1974 



1975 



1976 



1977 



1978 
(est) 



1979 
(est) 



Totm ■ 



National Defense . . 

Space 

All cMllan R&D 

Health 

Energ*y development 

and conversion . . . 
Science and 

technology base* . 

Environment 

IVansportation and 

.communications . . 
' Natural resources . . . 

Food and fiber 

Education \ . . . 

Income securltyand 
• social 8ervlce3^^%. 
Area and community^ 

development. 

housing, and 

public service^ 

Economic growth and 

productivity .... 

Crime prevention 

and control . ^ . . . 
International 

cooperation and 
. development ...... 



1971 

-$tS,6A4—11$,3^tQ-$-1^,545 .$1 6,496 $t4.60a-»17T44^-$^l #^-$20^724^2 3. 02 9 $2 6, 4 10 $27,0 



8.356 
3.752 
3 

1.127 



.55>\ 



435 

436 

285 

458 
199 
225 
155 

97 



49 

56 
5 

27 



7.981 
^.510 
3.852 
1.126 

' 425 

449 

322 

590 
234 
241 
147 

106 



91 
80 
9 

32 



8.110 
2.893 
4.542 
1.338 

422 

463 
^ ^34 

779 
321 
247 
186 

128 



89 

-93 
10 

32 



8.902 


9.002 


9.016 


9,679 


10.430 


11.864 


2.714 


2.601 


2,478 


2,511 


2.863 


3.066 


4,881 


5,197 


5.920 


6.798-^ 


7,430 


9.000 


1,589 


\.624 


2.096 


" 2,177 


2.366 , 


, 2,604 


475 


535 


665 


» « 

1.186 


1.43P 


2.301 


643 


550 


641 


• 713 


785 


901 


503 


. 620 


659 


796 


847 


954 


615 


630' 


703 


641 


636 


705^ 


,361 


338 


332 


398 


433 


500 


291 


297 


292 


350 


388 


459 


191 . 


• 214 


173 


14f. 


142 


120 


126 


157 


134 


149 


13a 


159 


87 


.97 


96 


102 


104 * 


107 


57 


67 


66 


62 


77 


86 


25 . 


35 


36 


46 


' 36 


' 32 



12.786 
3.141 

10.491 
2.911 



.13,833 
3,383 

10.756 
3.034* 



2,862 &.827 



988 
1.066 

829 
608 
532 
137 

182 



1.061 
1,082 

837 
644 

543, 
iy 

'. 

^07 



29. 



33 



27 



30 



44 



72 



139/ 



74' 



129 
101 
48 

97 



^ Basic research obligations which can be assQ<(iated with the agencies* missions are not -included here but arct (^iftrlt)uted across the 
appropriate functions.-' ' , ' ■ 

NOTE: Detail may not add to totate because of rounding. Function categories are not the same as those of Appendii ta6le 1-5. e.gs 
"AjJvancement of knowledge" does not equal "Science and technology base;' Estlme^es givon for 1979 may Ctiange significantly as a resylt 
of Congressional action on agency budgetary requests. \ " ^ 

SOURCE: National Science,Foun(;|atlon, An Analysis of Federal R^D Funding by function, 1969-79 (NSF 78-320)'p. a * • 

See figure 2-14, ■ • Sclonco Indicators -1978 
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I Table 2-17. F«d«riil«xp0ndlture«foivRAD plant: 1960*7,9 

( 



I Dollars In millions | 

— 



V^NP Implicit price deflators used to convert current dollars 
^ to cqnstant 1972 dollars. ^ 

SOURCE: National Science Foundation. Fec/dra/ Fu?jc^ for 
Research. Development, and Other Scientific Activities, Fis- 
cal Years 1977, 1978. A 1979, Vol. XXVII. Detailed Statf^tlcaj 
Tables (NSF 78-312). p. 101. and earlier volumes. * 

- » - - . ■ ". 

' * See figure 2-15. Science Indicators— 1978 



Current Constant 1972 

^ . Year dollars dollars' 

1960 $ 443.8 $ 631.7 

I . / 1961 539,1 778,1 

V ^ J962 779-1 1.104.3 

■ *1963 r. .,. / 673.6 940.9 

19^4 ^ . 948. r J. 303.9 ^ 

'M965 1,077.4 J.449.7 

/ \ 1966 ^ 1.047.8 1.366.0 

, • 'l967 . .: . 786.1 994,8 

1968 V 715.9 867,0 . 

1969 652.2 752.1 J 

' 1970 578.^ 633.6 

■ 1971 ..■ ' 612.7 638.1 " 

' 1972 564.4 . 564.4 

/ - 1973 : 638.0 6b3.0' • • ^ 

V 1974 % 70li»:2 607.0 • * 

; ' ' ■ / 1975 92ftd 652.7 

\ / 1976 800.6 69B.ff 

1977 (est:) 800.2 ' 565.1 ^ , 

" 1978(631.) .". 1.388.3 .914.0 ' 

, 1979 (est.) 1.403,8 -' 863.9 • • 




TWbl* 2o18, F*d«r«i obllQAtlon* for RAO plant by p«rform*r! 1M2-77 



(Dollars In mllllonsj 



Year 



\ 



Federal 



Tbtal ^Qovornmenl Industry 



Unlveraltles 
and colleges 



1962 $ 779.1 

1963 . . . \ 1.168.3 

1964 JV. 1.098.5 

t96a — _c.__vtai.6-- 

1966 . 853'.3 

1967; 620 1 

1968 603.8 

1969..^ 669.0 

1970 ... 524.4 

1971 \. 611^ 

1972...: ; 602.1 

1973 774.3 

1974 766.3^ 

1975 820.7 

1976 836.7 

1977 V. 1.367.2 

1962* $1,104.3 

1963 V.631.9 

1964 LSlOe 

1965 1.522.6 

1966..' 1.iTb.2 

1967 784.7 

1969 731.3 

1969 771.4 

1970 574.|^ 

1971 636.5 

1972 602.1^ 

1973 731.9 

1974 658.3 

1975 645.0 

1976,...* 625.0 

1977 967.6 



Current dOllars 

\t4 



NA 
. NA 
NA 

629.0 



NA 
NA 

NA^ 



NA 
NA 
NA 



_NA^- $441^ - 



FFRDCs^ 



NA 
NA 
-NA 



NA 



162.9 



31.1 



NonprQfit 
instittttions 



NA 
NA 
NA 

-NA- 
NA 



239.0 


NA 


111.7 


138. 8 


NA 


294.2 


$ 81 1 


98.1 


icrv.7 


$20.9 


260.4 


' J41.7 


.61.9 


176.6 


J 25.Q 


166.0 


102.3 


^ 56.1 


169.0 


28.8 


200.0 


167^4 


, 49.2 


178.7 


. 5.8 


246.6 


„ 142.4 


45.3 


130.4 


30,0 


323.8 


221.8 


426 


162.3 


. 18.8 


308.7 


294.1 


25.0 


118. 4 


8.3 


346 8 


291.9 ^ 


35.9 


131.8 


14.1 


316.8 


279.6 


35.2 


189& 


15.6 


- 71l'.9 


319.^ 


V , 33.7 


. 277.8 


N2.8 




• Constant 1972 dollars'-' 






NA 


/ NA 


NA 


NA 


NA 


NA 


NA 


NA / 


r NA * 


NA 


NA 


NA * 


NA 


' NA 


NA 


$1,228.5 


NA 


$190.5 


$ 67.5 


NA 


ai9.4 


NA 


21^.2 


40.5 


NA 


302.5 


NA 


141.4 


175.7 


NA 


356.3 


$ 98.9 


118 8 


123.2 - 


$25,3 


1 300.3 


163.4 


71.4 


203.6 , 


29.8 


j 181.7 


112.0 


61.4^ 


. 185.0 


31.5 


208.2f 


174.3 ^ 


51.2 


' 186.1 


6.0 


246.6 


142.4 > 


453 


130.4 


30.0 


306.0 


209.6 


40.3 


153.4 


17.8 


265.2 


252.6 


215 


101.7 


7.1 


272.5 


229.4 


282 


19'S.6 


11.1 


236.6 


208.8 


26.3 * 


^ 141.5 


11.6 


503,8 


225.9 


23.8 


196.0-^ 

^ — 


.9 1 



^ Federally Funded Research and Development Centers administered by unlversitres. 
- ^ GNP Implicit price deflators used to converf current doltars to constant 1972 dollars. 

NA - not available. * * • 

NOTE: Detail may not add to totals because of rouriding. ^ 

' SOURCE; National Science Foundation. Foderdl Funds fdr Rosearch, Development, and 
Other ScientfficActivittes. Fiscal Years, 1^77, 1978-gi 1979, Vol. JCXVII. Detailed StaWstlcal Tables 
(NSF 77-312), p. 102, and earlier volumes. . . ^ 



See figure 2-16. 
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Dibit 3*1. BmIc rttMrch txptndlturM: 1960-1979 

I Dollars In millions) 

^ _l_ZIlcuFi^C^on$tart t Q NRJropilelL— ^ 
Year dollars 1^72 dollars^ price deflator* 

1960 $1,197 $1,743 ^^"^ 0,6867 

1961 1,401 2,022 6928 

1962,. 1.724 2,444 .7056 

1963 1.965 2,745 .7159 

1964......... 2.289 3.148 ' , .7271 ^ 

1965 2.555 3,438 .7^3? 

1966 V, 2,814 '3.666 ,7676 

1967 3.039 3,846 .7902 

1968. 3,274 3.965 .8257 

1969 3,425 3,949 , .8672 

1970 3.513 3,845 .9136 

1971 3.577 /iK25 ^9602 ' 

1972 3,748 . 3.748 1.0000 " 

1973 ,3#?^ 3,665 1 .0580 

1974 ., 4.144 ^ 3,571 1.1602 

1975 4.527 3,581 1.2715 

1976.. 4.p81 3,649 1.3376 

1977 (prelim.) . 5.4^0 3.842 - 1.4161 

1978 (est ) ... 6.045 3,980 1.5190 

1979 (est.) . 6J00 4,123 1.6250 

^ QNP Implicit price deflators used to convert current dollars 
to constant 1972 dollars. , 

2 Deflators for 1 978 and 1 979 assume an inflation rate of 7.3 
and 7.0 percent, respectively. It is likely that actual inflation 
' rates will be substantially higher; th9refore. the constanrdollar 
estimates presented throughout this report may beioo high. 

SOURCE: National Science Foundation. National Patterns 
vf R&DResources, 1 953- 197S- 79 (NSF 78-3ri 3), p. 3Q. 

See figure 3- 1 . ' • Science lndlcators-~1978 
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"hbto 3-:^. Basic rM««roh •xpsndlturM by sourest 1M0*79 

I Dollars In millions) 



, • Othor 

Federal "Universities . nonprofit 

Year Total Government Industry and colleges^ Instltutlpns 

OMrrent dollars 

1960 $1,197 $ 715 '"$342 $ 72 ~" $ 68 

1961 : 1.401 874- 361 t 85 " 81 

i9fe2 1.724 1.131 394 102 ^ 97 

1963 1.965 1.311* 425 121 108 

1964. 2.289 1.597 434 144 . 11«« 

-1^6-^— -; .---r^^ ; . ^^^^ 1^809 461 ~ ttW t2l 

1966 2.814 1.979. 510 196 129 

1967 3.039 ■ 2.184 492 223 140 

1968 ' 3.274 2.314 535 276 ' 149 

1969 3.425 2.425 540 2^ , 162 

1970 3.513 2.453 ^ 528 ' 350 182 

1971 3.577 2.434- 647 400 . 196 

1972 , 3.74d 2.553 563 414 218 

1973 3.877 2,640 606 408 224 

1974* 4.144 2.826 649 432 \ 237 

1975 4.527 3.087 688 479 27^ 

1976 4.881 3.355 760 481 285 

1977 (prelim.) 5.440 ^ 3.756 ' 840 627 * 317 

•1978 (est.) 6.(ft5 " 4.190 895 '600 ' 360 

1979 (est.) * 6.700 NA NA NA NA 

V. « ..... 

Constant 1972dollars3 

...-I ... .- 

1960 $1,743' $1,041 $498 > $105 . $ 99 . 

1961 2.022^ 1.261 '521 * 123 117* 

1962 2.444 1.603 ^ 559 145 ^ 137 

1963 2.745 1,831 594^ . ^ 169 ' 151 

1964 ^ 3.148 2.196 597 198 157 

1965 '3,438 2.434 620 . * 221 163 

1966 3.666 '2.578 665 . ^ 255 168 • 

1967 3.846 2.764 623 282 177 

1968 3.965 2.802 648 3^4 ^ 181 

1969 3.949 2.796 622 344 1 87 

1976 3.845^ 2.685 ( 578 383 199 

1971 3.725 2.535 570 \ 416 • 294 

. 1972.,..v 3.748 2.553 563 ^ 414 218 

1973 . 3.665 ^ 2,495 572 ' . 386 212 

1974 " 3.571 2.436 ^ 5^9 372 ' 204 

1975 3,561 , 2,428 ' 54t 3t7 215 

1976 3,649 2.508 568 360 213 

1977 (prelim.) ..... 3.84£ 2.652 593 372 . ' 224 

1978 (est.) 3,980 * 2,758 589 395 237 

1979 (est.) 4.123 NA NA NA NA 

^ Oyer 50 percent of the total basic research expenditures are accounted for by universities and 
colleges. Because data on individual non-Federal sources of basic research expenditures. are not 
colleded by survey but are estimated by NSF, the exper^dltures in the last three columns qf this 
table are only approximations. - * 

^ Includes State and local {government sources. « 

3 GNP implicit price deflator^ used to convert current dollars to constant 1972 dollars. 

NA ^ Not Available. . ^ 

SOURCE: National Science Foundatlon.-A/^^fona/ Patterns ofRStD Resources, 1953-19fd'79, 
(NSF 78-313) p. 38. * 

Seeligure 3-2.' ^ . Science Indicat9rs— 1978 
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Tibl«3-3. B«tlcr«i#«rch«xp«ncHturobyp«rformtr:1»eo-78 

lOpllarstn mllltonaj i /> . » 

* ' ■% ■• • " , ■- - 

Tederal T 0«ier 

Qovernmenl Universities • nonprollt 

Year - « Total lalwratorlea . - Industry* and colleges ' FFRl>C's' Institutions* 

Current dollars ' ^ . ^ _ 

I960...: $1,197 $160 ' $376 • $.433 $97 $131 

1961... , 1,401- 206 * 395 536 115 149 - 

1962 1,724 251 488 • 659 .136 VW 

. 1963...: 1.965 ^ 255 ' 522 814 159 215 

-^6^—-. .-- .-77. ::^-:-.--.— .-. 2;;289 31ti~^ — : iToeat 19 ' 232 

1965 2,555 364 592^ 1.138 * 208 253 

• 1966 • 2.OT4 385 ' 624 1,303 227 275 

1967 ...» 3,039 418 ' 629 1,457 250 286 

1968 3,274 ' 410 642 1.649 276 297 

1969.... 3,425 . . 516 618 1,711 ' 275 • 306 

Vl970 3,513 " 541 602 1,796 269 305 

>1971 '3,577/ 491 ■ 590 1,914 , * 260 » 322 • 

1972 • 3,748 538 , 593 5,022 250 345 .. 

1973....' 3,877 537 631 \ 2,055 297 357 

1974...: 4,144 611 699 2,1.53 ' 285 396 

1975 4,527' 682 719 2,410 - 309 407 

1976 4.881 719' 817 2,547 . 369 439 

1977(prelimill 5.440 866. ' ' 906 2.787 402 ^ 479 

19781est.) . 6,045 ' _ 975 'Al^, yJA^l i.l^ 

\ ' Constant 1972 dollars' i . 

1960.. '.' $1,743 $233. " '$548 ' P$~631* • $141 $19^1 

1961 2,022 297 , 570 774 " 166 215 

1962 ' 2,444 356 692 934.. 193 269:. 

1963..." 2,746 356 729 ' 1,137 222 300 

1964........ 3,148 432. 75^ .1,379 263 319 

1965 - 3.438 490 ' 797 1.531 280 040 

1966....' 3,666 502 813 1,697 296 358 

1967 ^. 3,846 529 ' 7&6 V ' .1,844 316 361 

■l968 3,965 497 778 , 1,997 334 360 

1969 3,949 595 713 1,973 317 . 352 

1970 3.845 592 659 1,966 294 334 

1971 3,725 511 614 1,993 ' 271 - 335 

•1972" 3,748 538 5^3' 2,022 .250 345 

1973 3,665 ' 508 598 1,942 281 337 

1974 3,571 • 527 . 602 • 1,856 246 341 

1975. ' 3,561 536' 565 . 1,895 243 320 

1976 ' 3.649 538 611 1,904 268 " 328 

• 1977(prelimv) 3,842 ^ 612 640 • 1,968 284 3^8 

1978 (ect.) 3,980 642 642 • 2,084 ^ 270 342 

! : — , — __ — — _ , 

' includes the .associated Federally Funded Ri9search and Development Centers, . 
2 Federally Tunded Research and Development Centers administered by universities. * 
' 3 GNP implicit price deflators used to convert current dollars toconstanf 1972 dollars. 

. . * 

SOURCE: Nationar^ience Foundation, National Patterns of R&D Resources, 1953-1978-79, (NSF 78-313), p. 39, . , 

.figure 3-3. ' " ' . , Science lndlcators-J978 
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Iteblt 3-4. Distribution of tcltntlflc and ttchnlcal artlclM^ by U.S. tQlantlttt md 
•nglnttrt by lltld and lavtl of rtttarch: 1973 and 1977. 



. — ^ , , . — 

• Percent 

Ptetd"an][tlBV0t-DtTe5earch— ^ 1^3 1^77 — change — 

Clinical medicine ■ ' , 

Basic research 12,596 13.088 4 

Applied research 1 9,967 20,334 2 

Blomedlclne ' • 

Basic resrtjarch .^ 15,481 15.538 {^) 

Applied research . . * '640 648 ^ 1 

Biology , ' 

Basic research ^. -7,485 6,862 -8 

Applied research ' 3.667 * 3,042 -17/ 

Chemistry 

Basic research 9,861 8.418 <15 

Applipd research , . . 705 558- <21 

Physics J 

BasicVesearch '. . . 11,293 10.500 -7 

Applied research 417 487 1 7 

Earth and space sciences' 

Basic research 5,067 - 4,203 < -17 

Applied research : 524 ' 607 v 16 

Engineering and technology • 

Basic research 879 / 919 5 

Applied research 11.074 9,158 -16 

Psychology • 

^Basic research . . , 2,332 1 .893 -^19 

Applied research 3,207 3,057 -5 

Mathematics ^ 

Basic research -. 3.650 2,728 . -25 

Applied research 4V6 384 -19 



' Based on the articles, notes, and reviews in oyer 2,100 of the Influential jourSials of the 1973 
Science Citation Index Corporate Tapes of the iTistitute for Scientific Information. 
^ Less than 0.5 percent, ' 

* - ^ 

SOURCE: Computer Horizons, Inc.; unpublished data. ■ 

See figure 3-4. Science lndlc|tors— 1978 

V 




Ihbl* 3-S. Distribution of toltntlfic and technical artlclta^ by U.S. acjahtlata and anglnaara 
. . by fitid and lavtl of rasaarch: l^and 1077. ' 



Jleld ai^d level of research 



Clinical medicine ' ^ 
Basic research — *. . . 

"vj^jijjliofi research 

c 

BjomcKllclne 
Basic research 

Applied research 

Biblogy ^ 
Basic research . . . .^ , T . 

Applied research 

Chemistry, . . . , 
Basic research - . * 

Applied research . . ^ 

Physics ' 
Basic research , , .\. 

Applied research 

Edrth and space sciences ' 
Basic research 

Applied research ; 

Engineering and technology 

' Basic. research 

Applied research ..... .^.^ 

■ / 

Psychology 
pa^c research . . ^. . . : 

Applied research 

Mathematics 

B»slc research 

O 

ER^O^ research 



• 


is. 


Universities 










^ano 


Federal 




Year 


Total - 


colleges 


Gov't ♦ 


•Industry 






■ ■ ' ' • 


Number 


1 vFrO 






1.426 


890 


1977 


13.088 


9.088 


1.518 


756 


1973 


19.967 


12,331 


2.375 


.414 


1977 


,20,334 


13.03* 


2.248 


* 364 




15,481 


11,869 


1,471^ 


490 


1977 


15!538 


12!l76 


1.427^ 


424 


1973 


640 


451 


59 


16 


1977 


i 648 


> 451 ^ 


62 


18 


1 9 / O 




* 5,474 


' 1.281/ 


142 


197^ 


6.862 


* 5!218 


91C 


150 


1973 


3,667 


2.259 




243 


1977 


3.042 


• 1,951 


' /^92 


172 




Q RRI 


7 046 




1.573 




8.418' 


6.143 


'^^"SOI 


1.162 


-we- 


705 


. 189 


194 


275 


1977 


, 558 


,132 ' 


129 


254 


1 07*^' 

1 57/ O 


1 1 


7,079 


982 


1.527 


1977 


10.500 


6!574 


772 


1.506 


1973 


417 


15&V 


49 


179 


t977 


487 


198 


82 


166 




\ 067 


3.500 


795 , 


' 181 


1977 


4.203 


3!o47 


542 


143 


1973 


524 


270 


88 


^"100 


1977 


607 


300 


89' 


* 126 






318 


9^1 


197 


1977 


919 


287 


102 


^ 218 


1973 


11.074 


4.397 


990 


' 4,592 


1977 


9,158 


3.583 


806 




1973 


2»332 


2,061 • 


106 


27 


1977 


1 .893 


*1,719 


64 


14 


1973 


3.207 


2,722 


145 


- 46 


1977 


3.057 


2.576 


118 


. 61 


1973 


^,650 


' 3,405 


82. 


65 


1977 


2.728 


2,523 


68 


58 • 


1973 


476 


377 


27 


44 » 


1977 


^ -. 384 




.13 ^ 


.23 .. .. 






(Gontlnueri) 


1 





Nonprofit 
instHutlons 



1.i?57 
1.233 
3.492 
3.396 



16 



All other 



567 

, 493 

1.355 

1,293 
t . — 

601 
522 
. 41 
45 

290 
310 
178 
^91 

459 
444 

30 
• 25 

1.565 
1.512 
21 
35 

438 
355 
49 
71 

257 
30P 
• 917 
898 

73 
49 
189 

223 I 



3q 

26 
25 
24 



Tablt3«5/(Contlma«d) 



^ 



Field and level of research 



YeeV . Total 



^Universities 

ar>d 
t colleges 



Federal 

Gov't V. 



V Npnprollfr 
* Industry Institutions ^A|l other. 



Cllrilcal medicine ^ 
Basic research * . 1 973 

1977 

• Applied research 1973 

1977 

Blomedlcine 

Basic research 1973 

1977 

Applied research ' 1973 

1977 

Biology 

Basic research 1973 

197t 

Applied research % 1973 

1977 

Chenriistry ' 

Basic research 1 9^3 

1977 

Applied research 1973 

1977 

Physics 

Basic research 1973 

*1977 

Applied' research * 19^3 

1977 

Earth and space sciences 

Basic research — 1973 

1977 

Applied research 1973 

197^ 

Engineering and technology 
Basic res^^rch v . . . V. . . . 

















Percent 


















100 


67 W 




7 


100 


69 - 




6 


100 


62 


12 


. 2 


100 


64 


1 1 


' 2 


100 


7T 


10 


3 


100 


78 


9 


3 


100 


70 


9 


/ 3 


100 


70 


10 


3 


100 


73 


17 


2 


100 


76^ 


13 


2 


100 


62 


25 


7 


inn 






' 6 


100 


. 71 


6 




100 


73 • 


6 


14 


100 


27 


28 


39 


100 


' 24 


23 


*46 


100" 


63 


9 


14 


100 


63 


7 


14 


100 ' 


38 


12 


43 


1 nn 


ill 


1 7 




loo' 


69 


16 


4 


100 


72 


13 


3 


ido 


52 


17 


19 


100 




15 


21 



Applied research 

Psychology 
Basic research . . 

Applied resee^rch 



1973 
19?7- 
.1973 
1977 



*iae v>rv • 36* 



1973 

^ 1977 

1973 

1977. 
Matft^matics 

Basic research 1973 

1977 

Applied research ... .'Tj^ 1973 

' ■ 1977 



'~10Q. 
1Q(^' 
100 

100 

too 

100 
100 

100 
100 
100 
100 



4a V,. 
39 

88 * 

91 

65 

81 • 

93 
92 
79 
83' 



10 

1'1 ^ 

9.. 

"5 ' 

3: 

4 

2 
2 
6 

3 ' 



22" 
'24 
4t 

40 ^ 

; 1 
1 
1 
2 

2 
2 

9 . 



.-u 



10 
9 
17 
17 



11 
11 

• 4 
4 
2 
1 

2 
2 

" 2 - 
3 

1 
1 

2 
. 1 

3 

3 
3 
3 

2 ■ ■ 



5 
1 

7 " . 

6 ^ 

*a 
4 
7 

6 

4 

5 - 
4 

6 

5 
5 
. 4 
4 

13 
,15 

5 

7 

8 

9 

12-.. ^ 

.30 .. 
.33 



lb. 



,3 
\ 2 
3 
3 

^^ 

1 
1 



7 

1 

2 
5 

7 




J 



■7^ ' 



' Based on the articles, holes, and revl&w^ In ov^r 2. 1 00 of the Influential journals of the 1 973 Sc!^)ce Cit&tion Index Corporate 
tapes of the Institute for Scientific Information. ' * 

ERs£C E: ConripujJ Horizons, Inc.. unpublished data. 
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Science Indicators— 1 978 



IkbU 3764 lnd«x of coop«r«Uv« r«8Mrch\ b««*d on •cnintlfic ani tochnlcal aHlclot, by flold, ^v#i of r«M«rch» 



and Ml«ct«d rMMrch-parformIng t^ors: 1973 and 1977 



Fl^ql anci level of research 



UnlverBlties Federal Nonprofit 
and colleges Qovernmen*^ Industry^ ^ . Instltutlotis 

_lttr5^1j97-Z^_-t9Z3^ iaZ7— 197a-_taZZL-:-taZ3 iaizl^4^73 ^*tfl77 t^S ' t9ZZ 



FFRDCs^ 



State ' 
governniifn(|>,V * 



Clinical rr>ecllcine 
Basic research 
Applied researc 

Bionpedical 
Basic research 

* Applied researc 

Biology 



Chemistry 
Basic research 



47 

,55 ^ 


\ 50 
• 58 , . 


51B 

: 60 


,'62 , 
.72 


27^ 
51 


^34 

51 


61 ' 
-'04 

• > 


6i 
68/ 


33 
AT 


6.2- 


63 • 


66 

76 


34^ 
40 


37 
48 


46 ' 

"36 


49 
34, 


-ai 


39 
(^) 


55 . 
\ 51 ■ 


55 
51 


40 


45 
{*) 


(*) 


65 ' 


25 
29 


26 
33 


34^ 

^28 ^ 


40 
37 


26 




38 • 


40 

32 


{') 


43 

56 


37 
48 


. 47^ 
47 


19 
21 


21 
23 






16 
10 


17 
9 


^ 34 . 


42 


43 
{*) 


47 

n 


33 
{*) 


42 . 
{*) 


31 
31 


29 ■ 


27 
.20 


35 
29 


20 
16 


23 
18 


39 


45 

{*) ■ 


'42 


A6 


(*) 


{*) ' 
(*) 

< 


32 
31 


35 ; 

.30 ■ 


38 
23 


42 
33 


45 

29 


45 

' ' 32 
ft 


47^ 

(^) 


45 
{*) 


{*)' 


46 
(') 


(*) 




35 
28 


33 x' 
30-? 


33 


26 
29 


(^) 
17 


19 
21 

V 


' 39 
23 


{*) 
26 


1'6. 
29 


" 20 

iy 28 


(*) 

21 


■ {*) 

28 


19 

23 


' 23 

•26 


48 

48 


65 
54 

V 


40 


41 


42 
48 


55 
44 


{*) 
{*) 


(*) 


54 
51 


,51 


16 
20 


18 

2^ 


26 
(*) 


•32 
4^ 


33 
28 


" 48 


42" 

(*) 


.45 

{*) 


(*) 


(*) 
(*) 


n 


" {*) 
(*) 



Physics^ 

Basic research — 

Applied research 

Earth and space science^ 

Basic research v 

AppliiJd research — .r. . . . 
Engineering and technology 

Basic research 

ApimjBdjrelseajKJh., . ,^ 

Psychology ' *■ IF'^' v 
v,6asic rpscwcl) V^i-zr, ../. .. 

Applied research /r. ? 

Mathematics ~> ^. 

Basic research — 

Applied research 

' — — — — — • 7 — ■ ■ ■ — ^ tT ' ' * ^ 

^ Consistlpg of the percentage'bf all articles which were wvtten by scientists and engineers in a given orgjanjzation with S/E's from another '% 
organization; e.g.. if S/E's from one university co-author an article with S/E's from another university or a cdrpdration, it is assumed^here that ' 
there was some degree of cooperative research performed. . » ^ * 

^ Excluding the Federally Funded Research and Development Center* administered by this sector. 

^ FFRDC s administered by universities. • * _ \ 

* Because |he total number of articles was less than 50, no index percentages are calculated. 

NOTE: For lhi3 study, ov^ 2.100 influential journals of the 1973 Science Qitatioa Index Corporate tapes of the Instituto for 
Scientific Information for 1973 were assigned to fVvocategorieSi the "more basic" and the "more appiiecj" research From field to 
f jeid, this assignment may represent somewhat different concepts of/'bas|c research, " although for each field the samo cdncGpl 
applies for both 1973and 1977. For further information, see Francis Narin. fv'a/i/af/ve S/Momofr/cs: T/?e OsGo/Pi/b//ca^ 
Citation Analysis in the Evaluation of Scientific Activity (Cherry Hill. N.J.: Cortiputet Horizons, Inc.. 1976,). pf") 19B 199 



SOURCE: Computer Horizons, Inc., unpublished data?^ 
See table 3-1 in text. 
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Ikibto 3-7. ExamplM of |ourn«t« olattlfUd at * mor« basic*' and "mors tppllsd" for Appsndlx tsblss 3-4« 3*6 and 3*6. 



Field 



more basic 



Clinical medicine Journal of Clinical 

' ' Investigation 
"^Journal of Neurophysiology 



Blomedicine 



Qep€ 



Biology . 



Chomi 



i^stry 



Journal of Biological 
Chemistry 

. Journal pf Economic 

Entomology 
Journal o( Experimental 

Zoology 

. Journal of the American 
, Chemical Society 
AnalyticaljChemistry 




Physics 



Earth and space sijlences . . . , 
Engineering and-technology , 



Psyohtjiogy 



Mathematics 



Reviews of Modern Physic^ 
Physical, Review 



Journal of Geophysical 

Research 
Journal of the Atmospheric 

Sciences ^ 

, lEEE li^ansactions 

on Nuclear Science ' 

Journal of Chemical and 
Engineering Data 

. Psychological Bulletin 
Journal of Experimental 
Psychology 

, Journal of the American 
Statistical Association . 

IVansactlons of the American 
Mathematical Society 



The more applied 

Journal of the AmericRn 
Medical Association 

New England Journal 
of Meditine 



Journal of Biospcial Science 
Journal of MedicW Genetic^ 



Journal of the Institute 

of Brewing 
Agronomy Journal 

Journal of the American 
Leather dhemlsts Assoc. 

Industrial Engineering 
Chemistry Process Design 
and Development 

Photogrammetric Engineering " 
, and Remote Sensir^) 
IEEE Ti-ansactions on; 
Sonics and Ultrasonics 

Solar Energy 

AAPG Bulletin (American ' . 
Association of Petroleum 
Geologists) 

Journal of the Iron and 

Steel Institute 
AlCHE Journal (American Institute 
, of Chemical Engineers) 

Journal of Personality 

and Social Psychology 
Perceptual anti Motor, Skills " - 

Quarterly Journal of 

Applied Mathematics 
SIAM Journal on 

Numerical Analysis 



•SOURCE: Computer Horizons. Inc., unpublished. 
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Tabr'e3-8.Federi|obMo«tlontforb«tlor«t«archbyag«ncy;196d-79 . , ^ 

\ I Dollars In millions) 

\ * 

Aii '■ ^ " All othar 

Year ^ ' agencies USDA DOD HEW .DOE^ NASA NSF agenclaa 

Current dollars v 

Jd63^,_ . ^,_,^._ J^ i_^g $231 $ 236 $21fl ^$21 0^ , —, $1 41 I$J69 



1964 NA . 68 241 ' 274 238 :NA • -^155 67 

1965 ...a:... NA .90 •263 30a^ > 258 NA 171 . 76' 

1966 NA 94 262 326 281 NA 223 - 94 - 

1967 1.728 xlOO. 284 • ^72 302 ^328 239 103 

M968 1721 100 ^ 263 397 282 321 252 i06 

1969 1,77.9 . 107 276 - 371 * 285 380 - 248 .112 

.1970 - r 1.762 ' 116 ^ , 247 ^ 388 287 358 245 121 

1971 1.779 118 262 397" ,27? , ' 327 . 273 125 , 

1972 1.974 137 270 461 - 268 332 B68 138 ' ' ' 

1973 ^ . , . . «.001 143 258 458 275 350 392 125 " 

^ 1974 2;076 . ? 146 , 244 5efl 270 ^ 306 415 134 

1975 : . 2.279 154 236 / 592 . 313 '309 ' 486 189 

1976 ^. 2.425 T^l 248 652 346 293 . 524 191 ^ 

1977 , 2.894 2Q4 295 -757 389 414 625 210 », 

1978 (est.) 3.292- 251 330 866 433 468 ' W8 256 

] 979 (est,) 3.637 ,267 371 ^ 982 41B8 520 755 274' 

Constant 1972 dollars^ 

1963 ... $1,609 $78 $323 $330 $306 $293 $197 $82 

1964: ! NA 94 331 377 327 NA 213 92 

1965 NA- 121 "354 408 ' ' 347 NA 230 102 

19?6 ; NA ' 122^ 341 425 366 NA 291 122 

1967 . : 2.187 127" 359 471 , 382 415 302 ^ 130 

1968 2.084 121 319 481 342 389 305 128 

.1969 2.051 ' 123 . 318 428 ,329 438 ' . 286 129 

1970 1.929 127 270 425 ^314 392 f 268 132 

1971 1.8531 123 273 . ^413 288 341- 284 130 

1972. !,* 1.974 137 270 461 2W 332 368 138 

1973 1.891 135 244 433 260 331 371 118 - 

1974 1,789 , 126 210 484 233 264 358 . ^115 

1975 1.792 121 186 465 246 243 " 382. 149 

1976 1.811 138 185 -^87 . 258 219 391 ^ 143 'f 

1977 2.048 ^ 144 209 536 275 293 442 149 

1978(esl.) • 2,187 1§7 . , ,219 • 675 ?88 311 457 170 

1979 (est.) 2.273 167 232 614 292 325, 472 171 

. ^ — _ — t . . « _j L ; 'j^^ ■ ^ . . 

^ Data for 1963-73 represent obligations % the Atomic Energy Commission; 1974-76 represent obligations by the Energy 
Research and Development Administration; 1977-79 represent obligations by the Department of Energy. 
2 GNP implicit price deflators used to convert current dollarstto constant 1972 dollars. 

NOTE: Details may not add to totals because of rounding. 

NA ^ Not available ^ 

SOURCE: National Science Foundation. Federal Funds for Research and Detelopment, Fiscal Years 1977, 1978, and 1979, Vo). 
XXVII (NSF 78-312). p. 164 and earlier volumes. 

See figure 3-5. SclBncelndicaJ^^s— 1978 
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nibit 5-9. F*d«r«i obMQationa for baalif rt^aMroh » ptrctnt of MOh •gMoy'a II AD obtlQatlov^a by aotnoy : 1 969-79 



All 

Year «o«iicl«B U8DA DOD 

1963 « 

1964*^ • NA 

1965 NA 

1966 NA 

1967 10 ' 

1968 11 

19?9 11 

1970 . .: «. . t1. 

19^1 • ... 11 

1972^ V 12 

1974 12 ^ 

1975:^..' 12 

1976 , 12. 

-1^77 V ..r. 12 

1978 (osl). » 12 

1979,(ost) 13. - 

1963 ' .. $1J52 

.1964 NA 

1965 NA 

1966 -NA 

1967 •■'1.728 

1968 1.72f 

1969 1.779 

1970 1.762 

1971? » 1.779 

1972 T 1.974 

♦ea^..' 2.001 

19^^^. T*: 2.076 

1975. "TfbaiiL 2.279' 

1976 T^. 2.425 

1977 2.894 

1978fo^l?>i'. 3.292 

1979fost.) 3.637 

1§63 $12,495 $168 $ 7.286 

1964 14.225 189 7.262 

1965.... 14.614 225 6J97 

1966 15.320 235 7.024 

1967.. - 16.529 253 8.049 

1968 15»921 254 7.709 

1961 15.64.1 260 >.69e 

J97d r 15.340 281 7.360 

T97lj 15.545 305 7.509 

1973 16.498 350 8.318 

197* ' 16.800 366 8.404 

19/4 17,415 379^ 8,420 

iy75......^^ 18.988 420 9.012 

t976.: 20.724* 462 9.655 

1977 23.929 547 10.963 

1 978 (est. ) 26.420 632 1 1 .825 

1979 (est.) 27,972 63^ 12.838 



HEW 



ASA 



N8F 



Banic rosearch as a pvrcant of aH R&D obligations 



Federal obligations for basic research' 
(Current ctollQrs In millions) v 




Foderol obligations for all R&D 
(Current dqltars in millions) 



1369 
1,014 



656 
777 

r. 

■ 1.147 
1.252 
\ 1.297 

\^ .221 

1.476 
1.751 
1.838 
2.290 
2.363 
2.546 
2.787 
3.132 
3.271 



r $1^,078 
11236 
1.241 
1.212 
1.257 
1.369 
1.406 
1,346 
1.303 
/-^ 1.29f^' 
• 1 .363 
1.489 
2.047 
2.464 
3.536 
4.196 
4.175 



$210 
NA 
NA 
NA 

328 
321 
380 
358 
. 327 
* 332 
350 
306 
309 
293 
414 
468 
620 



$2,857 
4.237 
4.9fe2 
5.050 
4.867 
4.429 
3.963 

- 3.800 
3.258 
3.157 
3.061 

3,Doa 

3.064 
3*. 4 47 
3.703 
3.876 
4.. 192 



$141 
155 
171 
223 
239 
262 
2A^ 
245 
273 
368 
392 
415 
486 
524 
625 
688 
755 



$154 
170 
187 
244 
262 
284 
274 
289 
337 
455 
480 
656 
595 
609 
697 
754 
I 829 



^ All other 
agencies 



33 * 




3* 


36 


20 


7 


*92 


20 


86 




3 


96 




NA 


91 


22 


40 




^4 


35 




NA 


91 


22 


40 




4 


32 




NA 


91 


17 


40 




4 


32 


¥4 


7 


91 


16 


39 




•3 


32 




7 ' 


89 


17 


41 ' 




4 


^9 




10 


91 


16 


41 


3 


32 


21 


9 


85 


ii 


39 






^6 


' 21 ^ ' 


10 


61 


9 


39 




3 




* 21 


' 11' 


81 i 


12 






3 




20 


Tl 




"10 


39 




3 


24 


, 18 


10 


75 




37 . 




3 


2S . 


16 , 


MO 


r 82 


■s 


37 




3 


?6 


/ 14 


* 9- 


86 


12 


37 




3 


^ 27 


11 


11 


90 


12 


■r 




3 


28 


10 


'12 


91 


13 






3 


30 


11 


12 ^ 


9U • 


13 



$ 59 

67 
76 
. 94 
103 
106 
1ti 
121 
125 
136 
126 
134 
189 
191 
210 
256 
274 



$ 295 
304 
343 
641 
694 
625 
744 
1.043 
1.357 
1.169 
1.28iB 
1.278 
1.486 
1.541 
1:695 
2.005 
2.031 



' Data far years 1963-73 are from Atomic Energy Commission; 1974-76 are from Energy Research and Development Adminlstra- 
fton: 1977-79 are from Department of Energy 



NOTE; Details may not add to totals because rounding 

NA - Not available. " f 

** ■ 

SOURCES: Natiopal Science Foundation. Federal Funds for ^e$eBrch, Development, and Ott]^r Scientific Actiyities. Fiscal 
Years. 1977. 1978. and 1979, Vol. XXVII. Detailed Stati^ical Tables. Appendix C. (NSF 78-312). and earlier \6ju»)es. and 
unpublished data. 



See figure 3-6i. 
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Dibl* 3-10. Fediral obllgatloni for batic rattarch by ^ald of aclanoa: 1M3-79 



[Dollars la millions) 



Field 

> All fields \ . 
Life SCu^hcds 

Biological 

Clinical medical'* 

OlheMife ^(5lences, . . . . 
Environmteihlal science^s^ . 
Physiqal sclenc^^s . . . . . . 

Chemistry 

physics - - 

Astronomy ; , , 

OtHQ^" phystoaf sclehooS 

Psychology , ■ - 

Matf\ematlC£ and 

•conhputer sciences . , . . 

Engineering / 

Social sciences r. . . 

Other sciences 















0 












1978 


1979 « 
XestJ 






1968 




.1970 


1971 


1972 


1973 


.1974 


1975 

— >. 


197^' 


1977 


(est.) 


$1,152. 


$1,728 $1,721 ' 


1 

$1,779 


$1762 $1,779 


$1,974 $2,T)01 $2,076 $2,279 $2,425 -$2,894 $3,292 $3,637 


372 


573 


579' 


539 


'554 


574 


668 


669 


737 


797-1 


878 


1,021 


1,167 


1,299 


* 2ba> 


. 346 


375 


403 


407 


429 


515 


556 


566 


633 


708^ 


) 795 


913 


1.010 


' 172 


^ 227 


205 


136 


143 


100 


128 


98 


138 


141 


147 


, 198 


222 


254 


. . 


(^) . 


.(^) 


(^) 


4 


45 


'25 


16 


33 


. 23' 


24* 


28 


31 


. 36 


164 


209 


199 


235 


256 


^0 


. 291 • 


299 


320, 


339 


355 


456 


512 


5p7 


4Q4 


^ Q05 


599 


662 


^ - 589 


582 


625 


618 


640 


702 


722 


874 


978 


1,068 


P4 


123r 


^119 


131 


135 


126 


'146 


15t 


155 


168 


175 


223 


243 


267 


,228 


^ 348 


352 


' 35a 


320. 


328 


345 


338 


346 


365 


383 


448 


492 


518 


^ 74 


'10/ 


. 110 


1.74 


129 


122 


' 125 


119 


192^ 


*16i 


' 159 


193 


232 


260 


. 20. 


27 


18 




5 


. 7 


8 


10. 


7 


.8 


5 


' '10. 


11 


15 


.35 


60 


' 55 


53 


56 


.44 


54 


46, 


49 


> 60 \ 


44 


' -64 


64 


74 


40 


65 


67' 


56 


.58 


5.1 


63 


57- 


49 


59 


70 


79 


89 


101 


110 


156 


156 


151 


180 


169 


18» 


204 * 


190 


^34 


. 240 


303 


346 


374 


25 


57 


61 


' 71 


^, 64 


70 


80 


78. 


73 


73 


85. 


95 


117 


128 


2 


4 


4 


11 


, 4 


9 




^. 28 


, 16 


15 


33 


: 12 


20 


25 



^ See Appen(Jix table 3-7 for definitions of what isJncluded in each of the fields presented above' ' ; . . - ^ 

2 Lessthan $0.5 million. ' • , . a .i. * L. o 

3 Includes atmospheric sciences, geological sciences, oceanography and other environmental sciences (^ee also Appendix table 3-i.i). 



SOURCE: National Science Founc^ation,^ecyera/ FwncTs /or Research and Develo^ent^ Fiscal Years 1977, 1976. and 1979, Vol. XXVH (NSF 
78-312). p. 51-66. , " . * . \ 

V r Science Indicators— 19T8 ' 



See figures 3-7 $nd 3-8. 
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'nil^U 3-11. FUldt and •ubfUldi^ of F«d«r«l obllgttlont lor batio rotoarch 
ihoWn in Flguros 3*7, 3-8 and Appbndix tablaa 3-10 and 3-13. > 



Fioitt ol scionco ^ lllu8trn!lvo sabfields . • " [ 

' Lifo fcioncos pfologlcal scloncos: those which, apartfrom the clinical medical and other medical sciences ns defined 

V below, deal will; !h6 drigin, development, structure, (unction, and Interaction of living things. 

•• - ^ - . . . 

Clinical medical sciences: those concerned with the study of the paTtiogenesls. diagnosis, or therapy of a 
^ particular disease pr abnormal condition In living human subjects under controlled conditions. 

• , , ' • . ^ ' . 

Other medical sciences: those concerned with studies of the causes, effects, prevention, or conVol' of 

- * aUiouualxondilionain.man-orJn hJS^nvironmoot as lhey relalG-tahealth. exQepl-forJheL^ 

as defined above. 

. ^ ^ Other lifQ sciences: tnultldisclplinary projefclswitfiln the broad field and for slngle d<3clpf|jo projects for 

* " which a separate field has ndt been assigned. ' ' . 



Environmental Atmospheric sciences: aeronomy; solar; weather modlficatlori; extraterrestrial afmosphor.es; r7\eteoro!- 



.sciOnces 



Qoy 4 

Geological sciences: engineering geophysics; general geology, geodesy and gravity; geomagnetism, 
'hydrology; Inorganic geochemistry; Isotopic geoqJ\ernistry; organjc geochemistry; laboratory geophysics; 
paleorriagnolism; p^ontology; physical cjeo^aphy and cartography; seismology; soil sciences. 

Oceanography biological oceanography; chemical oceanography;, physical oceanography; marine 
geoph^ysics. ; 

Other environmental sciences: multidisciplinary projects within the broad field and for single-discipline 
projects for which a separate field has not been assigned. 

Mathematics and .Mathematics: algebra; analysis; applied mathematics; foundations and logic; geometry; numerical 

computer sciences analysis; siaiistics; topofogy. * - ' • 

Computer sciences: programming langaages; computer and information •sciences (general); design, 
development, and application of computer^ capabilities to data storage and manipulation; information 
sciences and systems; systems analysis. 

fl 

, * ' Other mathematical and computer sciences; multidisciplinary projects within the broad field and for 

single-dfecipline projects (or which a separate field ha§ not been assigned. ^ 

« 

Engineenn^ Aeronautical aerodynamics. ^ ' , • • 

I * ; • , \ 

m 

' • • > I' 

Astronaulical: aerospace; space (echnqlogy » 

» ■ ■ • '. ^ ^ 

I ' ^ ^ ^ ^ ' 

Chemical: petroleum; petroleum rednirtg; proposs*. ^ 

^ ' Civil: architectural; hydraulic; hydrological; marine; sanitary and environmental^^structural; transporta- 

tian. 

Electrical: communication; eledron(c; poWer!' 

\. ■ ' 

Mechanical: engineering mechanic?;. 

Metallurgy and ml^rlal$: ceramic"; mining; textile; welding. 

Other engineering: Inultldisciplinary projects within (he broad (ield and (or single-discipline prt)ject$ for 
which a separate fie^ has fiot been assigned. 

• . ' , • (continU('>d) ... 

V C 
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Dibit 3-11. (Continued) 



Social sdoncos 



Anihmpoiogy: archaoology; cullurnl and personality ; social and ethnology; appHwl anthropoiofly. — 



Ecoriomlcs: econometrics and economic statistics; history of economic thought; International ecoViomlos; 
mdustrlal, Ii4^and agricultural economics; macroeconomics; microeconomics; public finance and fiscal 
policy; theory; economic systems ahd development. ■ ^ 

Political science: area or regional studies; comparative government; history of political ideas; interna- 
tional relations and law; naflon^lj)Olltlcal and legal systems; political theory; Public jadmlnjstr^^ 

Sociology; comparat ive and historical; complex organization; culture and social structure; demography; 
grqup Interactions; social problems and social .welfare; socloiogtaai theory. 



Psychology , 



Other social sciences: linguistics; research In education; research In hlstory?socloeconomlc geography; 
research in law. e.g., attempts to assess impact on society of legal systems and pracjlces^ 

t ' 

aologtoal aspects: experimental psychology; animal behavtorl clinical psychology; comparatfve psy- 
cholo^„ethology. . 



Physical sciences 



Social aspects: spclal psychology; educational, personnel vocational psychology ar>d testing; industrial 
and engineering psychology; development and personality. 



Other psychological sciences: multidlsciplinafy projects within the broad field and for single-discipline 
project? for which a separate field has nqttieen assigned. 



T 



Astronomy :1aboratory astrophysics; optiq^i astronomy; radio astronomy; theoretical a8trpphys|cs; X-ray, 
Gamma-ray. neutrino astronomy ■ 



''Chemistry: inorganic; organo-metalllc; organic; physical. , . 

^Physics: acoustics;. atomic and molegular; condensed matter; elementary particles; nuCiear Structure; 
optics; plasma. \ . \ ■ 



Other s^^nce's 



Other physical science^ multidisciplinary project^ within the broad field and fof slnpie-dlsclpline projects 
or whiyh a separate fi'^ld Has not been assigned. „ . . 



1l 



ultidlsciplinary and interdisciplinary projects that cannot t>e classified within one of the broad fields 6i 
science above.. * 



SOURCE: Natiorfai Science fecundation. Anrtual Sun/ey of Federal Funds for Research and Development, and OthQr Scientific 
Activities, Fiscal Years 1977, 1978, and 1979, Vol: XXVII (NSF Form 818). pp. 6-8. . . ' . . 
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Thbto Basic r^March axpt ndlturas In . ^ 
uhiv#rtltlta iind ooMagM by tourca^ 1060-76. 

(Dollars In millions I 

^ Federal 
Govern- o!her 
Year To!al mont lijduslry sogrces 

Cilrcent dollars 

1960... '.v $,433. $ 299 $24 $110 

* 1961 536^ 382 25 129 

1962 * 659 481 . 25 *' 153* 

1963 : .814 610 - . ^5 " 179 

1964 1.003 767 25 * 211 

^^5-Tr^.-:T.-T-.^:-.4~-M38 JB79 ^-26^ -233 — 

1966 1.303 1.009 27 .2^7 

1967 1.457 '1.124 31^ 302 

1968 / 1.649 1.251 r 36 . 362 

1969 1.711 1.279 ,^9 3&3 . 

1970 ,^....* 1,796 ^,.1.296 40 460 

1971 1.91*^ 1.349 46 519 

1972 ' 2.022 1.421 53 548 

1973 ; 2.055 1.456, 57 542 

1974 , ^.153\ 1.522* 61 570 

1976 2.410 1.694- 72 \ 644 

1976 2.547 ' l'.827 72 ^ ^48 

1 977 (prelim) 2.787 1 .992 82 713 

1978 (est) 3.165 . 2.265 85 816 

Constant 1972 dollat? ^ 

1960 ^...."$ 631 $ 435 $35 $liSO 

1961 774 .551 36 186 

1962 934 682 35 217 

1963 ^ . . . 1''.137 852 * 35 -250 

1964 1.379 1.055 34 290 

1965 1.531 1.183 35 314 

1966 1.697 1.314 55 348 

1967 1.844 1.422 39 382 

1968 1.907 1.515 44 ^ 438 

1969 . . > 1.973 1.475 45 453 

1970 \ 1.966 1.419 44 504 

1971 1.993^y 1.2»05 48 ,541 

1972 2.022 1.421 53 ' 548 

1973 . , . 1.942 1.376 • 54. 512 

1974 1.856 1.312 53 491 

1975 " 1.895 1.33? 57 506 

1976 1.904 ' 1.366 * 54 484 

. 1977 (prelim) ^ 1 .968 1 .407 58 503 

1978 (est) 2.084 1.491 56 537 

#^ ^ . ^ ^ 

' ^ Over 50 percent of the total basic research expenditures 
are accounted for by universities and colleges. 'Because data 
on Individual non-Foddral sources of basic research ex- 
penditures are not collected by survey, but are estimated the 
National Science Foundation, the allocation of expenditures 
among the last two ^columns may he only rough approxima- 
tions. • ... 

^ GNP implicit price deflators used to convert current dollars 
to constant 1972 dollars. 

SOURCE: National Science Foundation. National Patterns 
of R&D Resdurces, 7963-7978-79 (NSF 78-313). p. 31. 

See figure 3-9, ^clence Indicators— 1978 
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TlKbl9 3-13. F«d*ral obligations tor basic rsssarcti In unlvsrsltl*« and coliaoas by tisid ot solsnos tor ssltot«d aoanclas * 

, -1«73-77. 

^ * • I PollQrf in, million?) 



7 



^ Average annual percent change 

Field 1973 1974 , 1975 1976 . 1977 ' 1973-75 1975-77 197i?7 



Lite scioncos , $366.3 $430.7 $451.5 $504.6 $566.5 11.0 12.0 11.6 

Psychology / 29.0Qf ' 29.6 29,3 28.8 .32.6 0.8 5,5 3,0 

, Physical sciences 177.3 177,1 201.6 211.0 241,1 6,^ 9.4^ 7,8 ^ 

Envlronmenlal SQonces 80.5 99 2 102.6 106.V .1M4.1 12.9 18.5 J6,7 

l^themallcs and computer sciences .... : 40.9 36'.3 41.6 45.7 54,9 ^ 0,9 14,9 47.6* 

Engineering ^ 765 76,6 94.4 101,4 123,5 11.8 14.4 13.1 

-Soeiai ^i^h^es Vv-.. : - 45.7 4t.8 ^4 0,-1 4 4.4 5-1,9 — \3lA — ; i2 _ 

» Tife agencies iaclvided here are Ihe DepartmenI of Airicullure. Deparlmenl of Defense, Departmenl of Health. Education, and 
Welfare. Department of Energy and its predecessor agencies, and the Natlonal Sclence Foundation, The'f^atlonal Aeronautics and 
/Space A(jmlnjstrat>>n \i nofencluded because dat& for all years ar^ unavailable. The five agencies included represents approxl- 



matoly 93 percent of all agon9ies* obligations In 1977, 



SQlii^CE: National Science Foundation, Fodi^rBl Funds fOr Research': Devejoprnfint and Other Scientific Activities. Rscai Years 
1977, 1978, and 19^9, VqL XXVII, Detailed Statistical Tables, Appendix C. (NSF 78-^312) p, jll and earlier vdlulnes, and unpublished 
data. ' . \ , 

See figure 3-10. ^ " ^ ' ^ Science Indicators— 1978 

^ ■ ■ , . 1 

'Table 3-14. Basic research expenditures in Influstry by source: 1960-78 

[Dollars in 'millions 1 ' . 

. — — — ^ • ^ ■ — ■ K 

Total Industry Federal Government 

Currer 

Year 





Constant 




Constant 




Constant 


Current 


1972 


jCurrent 


1972 


Current 


1972 


dollars 


dolla^' 


dollars 


dollars ^ 


dollars 


doll^ ^ 


$376 


$5^ 


$297 


$433 


* $ 79 


sub- 


395 


570 


314 


453 


81 


'117 


488 


692 


345 


489 


^ 143 - 


203 


522 


729 


375 


524 


147 


205 


549 


755 " 


• . 384*'^ 


. 528 


165 


227 


592 


797 


406 


546 


186 


260 


624 


813 


451 


586 


173 


225 


629 


796 


427 


54*0 


202 


256 


642 ' 


778 . 


462 


560 


180 


218 


618 


713 


458 


528 


160 


185 


602 


659 


444 


486 


158 


173 


590 


614 


456 


475 


134 


14d 


593 


593 


463 


455 


-130 


130 


631 


596 


499 


472 ■ 


132 


125 


69^ 


v602" 


. 536 


462 


163. 


140 . 


719 


565 


562 


" 442 


157 


123 


817 


611 


632. 


472 


' 185 1 


138 


906 


640 


700 


^ 494 


206 ' 


145 


976 


B42 


7,50 


'494 


225 


148 



200 



1960 

1961 

1962 

.1963 

1964 ' . . 

1965 

1966 

1967 

1968 .: 

1969 

1970 

1971 ... . . 

1972 . .^ . . 

.1973 . - , 

1974 

1975 ' 

1976 

1977 (prelim) 906 640 700 ^ 494 206 ' 145 

"1978 (est) V - 976 ' ^"_„ 

^ . _ . - _ ^-..i-^ , ^ ' ^- ^ 

^ GNP implicit price deflators used to convert current dollars to constfint 1972 dollars. 
I^TE: Detail may n^it add^to'lotals because of rounding. 

SOURC6: National Science Foundation, National Patterns of R&D (Resources, 1963-1978-79 
(NSF 7a-313). p. 31. ^ * ' 

See figure 3-11. Science Indicators— 1978 
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Thble 4-1. Expenditures for Industrial R&t> by source of funds: 

1 Dollars In millions I 







XJurrep! dollars 


Constant 1972 dollars ' • 








Federal 






Federal 






Company^ 


Government 


Total 


- 

Company 2 


Qovernnient 


1960 \ . ; 


$10,609 


$ 4.428 


$6,081*. 


$15,304 


$ 6.448 


$ 8.655 


1961 , 


10.908 


4.668 


6.240 


r15.745 


*6.738 


9.007 


1962 


11,464 ^ 


5,029 


6.435 


16r249 


T,1?8 


9,121 


1fjp3'.. ./ 


12.630 


5.360 


7.270 • 


17.642* 


7.487. 


.10.155 


1964 


13.512 




. >720 


18.583 


7,91B6 


10.618 


1965 


'^14.185 


6.445 - 


7.740 


19.086 


8.672 


10.414 


1966 \ 


^ 15.548 


7.216 


8.332 


20.255 


9.401 


10.855 


1967 ; 


16.385 


^.020 


8.365 : 


20.735 


10.149 


10.586 


1968 


17.429 


.8.869 


^8.560 


21.106 


10.741 


10,367 


1969 


18.308 


^ 9.857 


8.451 


21.112 


11.366 


9.745 


1970 ......... 


18.062 


- 10.283 


7.779 


19.770 


"11.255 


8.515- 


1971 |. ... 


•18.311 


. 10.645 


7.666 


« 19.070 


11.086 


7,984 


1972 


19.539 


11.522 


8.017 


19,539 


11.622 


8.017 


1973 .....f.... 


21,293 ^ 


13.088 


8.145 


20.089 


12.370 


7.698 


1974 


. 22.867 


14.647 


8.22Q 


19,710 


12.625 


7.085 


1975 


24.164 


15.559 


8.605 


19.004 


12,237 


6^f» 


1976 


26.906 


17.561 


9.345 


20.115 


13.129 


6.986 


1977 (prelim.)... 


29.895 


19.476 


/ 10i419 


21.111 


13.753 


7.358 


1978 (est) .... 


33.250 


21.500 


11.750 


21.889 


14.145 


7.785 


1979 (est.) ... 


• 36.750 


23.750 


13.000 


22.615 


14.615 


8.000 



^ QNP Implicit price deflators used to convert current dollars to constant 1972 dollars, 
2 Includes all sources other thao the Federal Government. 

( 

NOTE: Detail may not adil to totals bdbause of rounding, \ 

- r • ■ 

SOURCE: National Scionce Foundation. NBtional Pattoms of RSiD Resources, 1953-1978-79 
(NSF78 313), pp, 28-29,' 

See figure 4-1. • . Science Indicators— 1978 



213 



201 



Tkbt* A l.pkO •M|>«nclllur«» by Imtutlry: 1960-77 



Total 

• tent Add ktndiod piDdMtlu 
.loltiUip and oppaivi 
Lun\bvr. wood piiHlut:(ii 

nod ItirMilutf) 
P.apoi and nltwl piodiioio 
Chomicals and niliod ^jp^lurts 

tndustnmThoniirniB^- 

DiiigH and ni(idirin»» 
^ OHuM clUHnioftls 

Potn^Jouni lolit^ing and . 
ONli action . ^ 

Stono. clay & {i^nn^ pioducis 
'Piirna^ niotals 

roMou\rtu>lals and piodijc!!> 
Nonlonou^ n\uta1s and 
piotliictfl 

Tabricatrnt nwtat ptotJucts 
MonoKutnca^ n^athinoiy 

OHico compulino and 
accoiifHing inachmuB 
f:roctnoar oqoipmqni and 

coinnuifiicoiion ^ 

Hadio and TV locoiving 

oquipinortl 
.. Flortroriic conipononls 
ComnumicatioJi oqmpnriQni 

and coiTmujnicaliorY' i» 
OlhOf olocliicnl oqiiipmiint 

Motor vohiciOR n»id othoi 
lran»poi1ation oquipmunt 
Motof Cohidos and nuitoi 
'YOlHCIo oquipmont 
/ Olnpt Iranspoitation 
uc)iiiprnani 
Airciatt and rriis*>iiob . 
Pfotossibnui^nd 
t^pionlitic instuinionts 

^L'lonlilic a'nd moclmnical 
moasoting inHtnimonls 

Optical suigicat. ptmto 
gtaptiic. and-othoi 
insKumonts 

Othnr nianiilncluiinQ 

industi luv 
Nonnianutnctunng itidustnos 



I960 19C2 
$10,500 $11,464 



104 

38 

10 

56' 
900 

^0 " 

102 

152 



290 
• 121 * 
00 
177 

. 102 

75 

M5 
949 

(') 
2.532 

{') 

1.324 
1,208 



004 
I'l 

(') 
3-514 

329 
100 

109 



119 

168 



121 

28 

10 
05 
1.175 

"^as- 
ms 

- 242 



310 
141 

96 
171 

'\ 

7T 

146 

914 

IM 
^.639 



1964 

$13.51*2 

144 

32 

' 12 
77 
1.284 

-865- 

234 
185 

393 
158 
109 
196 

110* 
^ 79 

148 

1.015 

(') 
2,972 



1960 1(^ 
$15,546 $17.4a^ 



1969 1970 V 1971 
Cii^il dollnin in itiIIIKmys 



164 

51 

12 
117 
1,407 

—918- 
308 
181 



371 
168 

" 117 
232 

139 

.} 93 

154 

1.217 

I') 
3.626 



184 

58 

20 
144 

1,569 



398 
226 



437 

223 
142 
251 

135 
^115 

183 
1.483 

4,063 



$18.3JJ^^8.062 il8,311^ $19,539 

/M99 225 231 248 
' 80 58 69 61 

18 52 53 64 

« 188 178 187 169 
1.660 1.773 1,832 1,932 

-969 942 944- 

607 
364 



1972 1973 19M ' 1975 1976 l077 
$21,^13 $22,807 $24,164 $26,938 $29,907 



263 
64 



278 
69 



312 
70 



329 
82 



308 
B1 



71 84 
194 , 237 
f.1l6 2,450 



-974- 
444 
242 



485 549 

308 ^ ^ 



467 

261 
159 
257 

136 
121 

182 

1.646. 

' V) 
4,346 



515 
276 
187 
275 
149 

126 

207 
1.729 

(') 
4.220 



605 
289 
164 

272 

144' 

128 

242 

1.860 

0) 
4,389 



468 

277 
146 

130 

253 

2,t5a 

t.456 
4.680 



0 99 
.698 
419 



498 

426 

199 

307 

103 

H5 

291 
2,549 

1,733 

4,902 



807 
^18 



622 
469 

217 
358 

181 

177 

313 
2.965 

2.103. 

5.011 



88 107 127 
249 313 340 

2,72A-' 3,017 3,JNI7 

-l^iMX) tT4«0- 



981 
545 



693 
467 
233 
443 

215 

228 

324 
3,iy 

2,220 

5.105 



1,091 
6p2 

767 
502 
263 
506 

* 2 56 

250 

358 
3.487 

2.402 

5.636 



1.153 
654 

oi3 

566 
293 
' 526 

259 
267 

389 

3,970 

2.756 
5.952 



(') 


(') 


47 
{') 


55 

0) 


57 
(') 


70 

{') 


84 

0) 


48 

330 


49 

"406 


61 
489 


60 
549 


52 
691 


58 
751 


1 591 
1,040 


1.B72 
1.100 


2.249 
1.330 


2,520 
1.508 


2.671 
1.620 


2,604 
.1.546 


2.739 
1.588 


2.563 
^►719 


2,613 

1.834 
J 


2.424 
2.047 


2,385 
2,121 


2,511 
2,382 


2.796 
2.345 


999 


1.182 


1.344 


1.499 


1.566 


1.591 


1.768 


2.010 


2.477 


2,476 


2.430 


2.872 


3.419 


(') 


{') 


(') 


(') 


(') 


(') 




1.954 


2.405 


2,389 


2.340 


2,778 


^,302 


(') 
4.042 


(') 
5r97B 


(') 
5.520 


(') 
5.765 


(') 
5.062 


(^) 
5.219 


4.881 


66 
4,950 


72 
5.052 


87 

• 5.278 


90 
5.713 


94 

8.339 


1.17 
7,078 


209 


331 


400 




742 


744 


746 


838 


96r 


1.075 


1.173 


1.298 


1.405 


101 


74 


87 


\ 118 


123 


131 


133 


163 


. 180 


221 


266 


325 


375 


208 


267. 


381 


645 


.619 


613 


812 


i 675 


- 775 


854 


907 


974 


1.Q30 


'65 
234 


Oft 
319 


77 
497 


101 
603 

5 


. 104 

655 

tcontituiud) 


128 
705 


131 

704 


146 

707 


. t5B 
715 


177 
768 


205 
735 ' 

V 


217 
845 

• 


245 

950 
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Tkbto 4-3. (Continued) 



\ 



tooo 


19tW 


. 1904 


lOOO 


190H 




1970 


mT 


■ 1072 


1973 


19'74 


1975 


11)76 












Cdislflnl 1972 (toilnrtt in millions ^ 








i 


15.304 


$10,249 


$10,583 


$20,255 


$21,100 


$21.1 1J 


$19,770 


$ia.070 


$19,539 


$20,009 


$19,710 


$19,000 


$20,139 


151 

55 


172 
40 


190 
44 


214 
66 


223 
• 70 


229 
09 


240 

03 


?41 
, 6t 


246 

o» 


239 
60 


240 
59 


245 

65 


246 

' 61 


15 
0? 
1 427 


14 

92 
L605 


17 
100 
1.700 


1.033 


24 
174 
1.924 


21 
217 
1.014 


57 
195 
1.041 


55 
19b 
1,900 


04 " 
169 
1.932 


07 
183 
2,000 


72 
204 
2,112 


89 
190 
2.144 


80 
234 

2.260 


'§70 ■ ■ 

230 

P?1 


"1 .048 " 
270 
J4.I 


lr190" 
<'i)4 


1 .■196 " ~ 
401 
236 


402 
274 


512 
270 


1;070- 

631 
337 


- ^1- 
572 
355 


941- 

007 
384 


060 
390 


090 


771 

•till 


9B9 

816 

SOU 


431 
176 
128, 

250 


439 
200 
130* 
242 


541 
217 
150 
2CH 


403 
210 , 
152 

:|02 ' 


520 
270 
172 
304 


509 
301 
103 


584 

302 
103 

noi 


526 

rwi 

171 


408 

377 
103 
277 


471 
403 
18^ 

290 


530 
404 
' 187 

301). 


545 

387 
183 
348 


573 
375 
197 
378. 


I4{) 


137 


100 


U)1 


163 


157 


163 


150 


140 


154 


160 


109 


191 


109 


105 


109 


121 


139 


140 


130 


133 


130 


137 


1^3 


179 


250 


21 1 

1.302 


207 
1.390 


1.390 


201 

1.585 


1.790 


210 
1.703 


227 
1.093 


262 
1.937 


253 
2.158 


275 
2,409 


270 
2.573 


2&fe 
2^13 


2^8 

•2.607 


(') 




(') 


{') 


(') 


(') 


(•) 


(') 


1.456 


1.036 


1.813 


1.746 


1.796 


3 Wi7 


^\ 741 


♦1 007 


4 724 


4 9/4 


5.014 


4,019 


4.571 


4.600 


4 633 


4.319 


4.014 


4.214 


{•') 
(') 


(') 
(') 




01 

(') 


07 


66 
(M 


77 
I') 


07 
'{') 


40 

330 


46 

384 


44 

421 


39 
432 


39 
517 


1.928 
1.759 


2.25r, 
1.405 


2.575 
1.153 


2,930 
1 733 


3.052 
1.020 


, 3,080 
1.068;, 


2,850 
•1.69? 


2.853 
1.052 


2,583 
1.719 


2,470 
1.733 


2.089 
1.764 


1.875 
1.608 


1.877 
1.781 


'1.207 


1.410 


1.020 


1.751 


1.015 


1.006 


1,741 


1.041 


2,010 


2,341 


2.134 


1.911 


Jr(47 


V / 


\ I 


V J 


\J 


V .' 


n 




{•) 


1.954 


2.273 


2,059 


1.640 


2.077 


(M 
5.117 


(') 
5.7?9 


■(') 
6.9U4 


(•) 
7.199 


(') 
0,90? 


n 

6,703 


''J 
5.713 


(•) 
5.003 


56 
4.950 


08 

4.775 


75 
4.549 


71 
4.492 


^ 70 

^.739 


479 


430 


451^ 


010 


003 


056 


014 


777 


030 


m 


927 


922 


970 




143 


402 


113 


143 


142 


143 


139 


163 


^70 


19(^ 


209 


243 


246 


295 


353 


r 

490' 


660 


714 


671 


637 


67b 


733 


730 




728 


173 

245 


92 
33? 


U9 
439 


100 
04 7 


122 
730 


120 

755 


140 

772 , 


130 
703 


146 

707 


. 149 
076 


• 153 
062 


161 

578 


102 

032 



Ittdubtrv 

TotHi > ^ i 

F(K)d find KtndrtHi piodiicts 
TbKtitos nnd nppmol 
Lvin>bor. wWKI prodiK:l8. 
, aiKl turnituKf 
P4ipOr uiHl aliiQ<1 pi(.x1uctt} 
ChuniKTUtb niul nItiiHl pioductn 

' — tnoasmai chomicnis 

Dr^s aiHl'>no<1ictnu» 
Othoi Chonucals 

Polrutuitni rutiniiig nrul 
oxiraclinn 

Rubbor prOitucis 
Slono. clay. A o'ft^^s pkmJuCIs 
r Rummy molitib y 

roiroim molnis nncf puxfllflft 
Nonfortous motflls Of»fl 
prodiicis ' 

FRbiicntod molnt pKMlurts 
NoiHiloclncn) mtichinuiy 

OHrco ctimpiitino tmd 
accoiiMling machtnes 
EJoctftcnl oqmprnoni txntj 

coiumijiiicntion ( 

Radiu iiiui TV rocoivinri 

oquipiTiodt 
Eloclronic cornf}ononlB 
ConiniijniG^ior^ oqiiipmont 

and oomtnunicalKiM 
ODioi oUictrical oquipinoni 

MotOf vohiclo9 and othor 
tianspurtatiun.oquipnionl 
Molor vohiCio:* atul inoloi 

vohtclo oquipmonl ^ . . 
Olhor lianspiiilation 
oquLf)(nonl . . 
Aiiciaft and mu^vHilon 
PiOfossKMiai and 
scionlific instriiinunlH - 

Sciontific and rnoclianical ' 

nioaHuiing insliiiinonlu 
Optical, yuigrcall photo 

giaphic. and oUmi 

ins1runiont*i 

' Othor nianiifKCIunng 
laUustrl^ft m 
NonmaniifactuMOg m(iiistnO!> 

' Doto noi labutatmJ at this lovoi pnor I0 1972« 
' tncludod in lhi> Othor oloclrical equipnumt group 

> ONP implicit prico dollators usod to convort puriont doUais to constant 1972 dollars 
NOTE Ooiaii may not add to totals boonunO of rounding 

SOURCE -1960 and 1902 National Scianco Foundation. Rosoiuch and Oovokipmbnt in tndustty. 1971 (NSF 73 305). p 28. 1964 1975 
Toundatlon. Rofioarch and Dovviopnwnt m mdustiy. 19TG {NSF 70-314). p 12. 1976-77 National Scionco Foundnlion. prolimif\ary data 

Soo figuio 4-2 



1977 



260 
57 

90 
240 

2,307^ 



-1K)»1- 
814 
482 



. 845 
414 

207 
*371 

183 

189 

275 
2.803 

1.940 

4.203 

41 

530 

1.976 
1.650 

2.414 

2,332 

83 
4.998 

992 
265 

727 



173 
671 



Nntrona! Scipnco 

■ Scionco fndicatoiP -1978 



2 



f5 



203. 



ERIC 



-A ■- 
/ 



T«bb 4-3. Concentration of total RAD •xpandltui%a In tha hlghaat 
ranking companlas, by Induatry: 1077 



/ Percent of total R&D 
^ funds In Industry 

' Fli'st4 Firsts First 20 
Industry ■ companies companies companies 

Total .... .7, . 7. . .7. r.V. . . .7.7\....././,,7"; 20 / 34 53 

J^ood and kindred products , , 25 ^40 - 65 

"Textiles antfUpparei — r. 30 45 66 

Lumber, jwodd products, and furniture 67 ^ 76 " 85 

Paper and allied products- 64 75 89 

' Chertilcals and allied products ! , . 32 .45 69 * 

Industrial chemicals 67 82 97 

Drugs and medicines 35 59 93 

Ottier Qhemlcals 54 67 8^ 

Petroleum refining and extraction 59 83 98 

Rubber products . . . . .v 74 . 84 92 

Stone. ):lay. and glass products 55 74 89 

Primary metals 33 48 , '75 

Ferroyjs metals and products — ^ 49 67 88 

Nonferrous metals and products 45 .65 90 

Fabricated metal products / 36 . 54 71 

Nonelectrical machinery 61 72 -82 

Offlfce» computing, and accounting machines 83 . 92 , 

Electrical equipment and communication 57 71 85 

-Badio and TV receiving equipment •85 90 .99 

Electronic components ^3 60 - 91 

CommJnlcation equipment and cornmunicati^n — 73 89 96 

Other elfictripal equipment 83 88 94 

Motor vehicles and motor verilble equipment 94 97 99 

Other transportation equipment ^ . . 84 "93 97 

Aircraft and missiles 53 80 98 

Professional and scientific instruments -^55 73 82 

Scientific aad mechanical measuring Instruments ... 54 . ^3 

Optical, surgical, photoataphlc. and other ^ , 

instruments . . . . . .- . -•s. ? — 7S '85 93 

Other manufacturing industries , 37 54 77 

Nonmanufacturing Industries 37 56 77 



SOURCE: National Science Foundation, preliminary data. 

See figure 4-3. - ■ Science lndicators-~l976 
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Dible 4-47 COmjpany * and F»d»ral funding of Industrial R&D, for salactad Induttrlas: 1M7 and 1977 \ 

I Dollars In mllllona! 



Industry 



Total ^ j^.;r:.. 

Cr^einicals and allied products 

jDdustriaixhomicals . ■ 
Drugs, medicines, and other chemicals 

Petroleum refining and extraction 

Primary metals 

Ferrous metals pnd^products 

N(;^nfer[Gusnne(als and products 

Fabricated metal products 

^ Mbnelectrlcal machinery 

Electrical (jquipmenl and Commurl^cation . 

Aircraft and missiles \ 

ProfessionQl and scientific instri^ments ! . . 
Scientific and mechanical measuring 

instruments . : 

' • Optical, surgical, photographic, and 

other instruments 

*• Other manufacturing industries 

^^.Llflinmanufacturing Industries 



Total 

Chemicals andjrflied products 

Industrial chemicals . . ' 

Drugs, medicines, and other chemicals 
• Petroleum /efining and extraction 

- Pi'imar^etals . : 

Fe^rfp metals and products 

Nonferrous melals and products 

Fabricated metal products 

Nonelectrical machinery ^. • • 

Electrical equipment and communication . 

Aircraft and missiles 

Professional and scientific instruments ^ . . 
Scientific and mechanical measuring 

Instruments 

Optical, surgical, photographic, and 

Other instruments * 

Other m|nufacturing Industries 

Nonmanufacturing Industries . . . , 



Tbtal^ 



1967 



$16,385 
1.507 

-966- 

541 
371 
242 
135 
^^107 
163 
1.326 
3.867 
5.669 
542 



1977 



$29,907 
3,267 
4,460— 
^ 1 .807 
913 
526 
^69 
267 
389 
3:970- 
5.952 
. /.078 ' 
1,405 



Federal 

1967 \^ 1977 

Current dollars 

$8,365 
• 210. 

^1^- 



Company' 



^10,546 



294 

278- 



1967 

1,297 
78 5 



1977 

$19,362 
2.973 
— Me2- 



"29 
16 
8 

>' 1 
6 
13 
322 
2,296 
4,531 
189 



' 16, 
74 
25 
5 
20 
45 
577 
2;696 
5,496 
156 



512 
3S5 
234 
134 
100 
151 , 
1,064 
1,571 
1,138 
353 



1,771 

839^ 

501 

254 

247 

344^ 
3,393 
3,256 
1.582- 
1.24^ 



104 

438 
2,139 
559 


375 

1,030 
6.457 
9^0 


' 37: 

152 
393 
387 


y 

• 10 

146 > 
745^ ^. 
437 


67 

286 
^ 1,745 
172... 


365 

884 
' 4,711 

514 






Const|int 1972 dollars' 






.^$25,200' 


$21,119 " 


$12,865 


$7,447 


$12,335 


$13,673 


* -2,318 


2.307 


323 


208 


" 1,995 


2,099 


1,468 ^ 


1.031 


278 


196,. 


1.207 


835 


832 


1.^76' 


45 


11 


787 


1^245 


571 


645 . 


25 


52 ' 


546 


592 


372 


. 371 


12 


18 

/ u ■ 


360 


354 


208 


183 




206 


179 


165 


189 


ft 




154 


.J74 


251 


275 


20 


32 


232' 


. 243 


2,039 


. 2.803 


495 


V,^^ 4Q7 


^ 1.544 


2,396 


5,947 . 


4.203 


3.531 


^1.904 


2,416 


2<299 


8,719 


4,998 


6,9JB9 


5,BS1 


1,750 


' 1.117 


. ^ 834 


99? 


. 291 


110 


, 543 

\ 


862 


160 


• 265 


57 


7^ 


103 


216 


674 


727 


234 


103 


440 


624 


3,290. 


3.854 . 


604 


526 


1.544\ 


3,327 


860 


671 . 


595 


309 


.2^ ^ 


363 



• Mricludes ^11 sources other than the Federal Government. . • 

^ GNP implicit price deflators used to convert current doll^s to constant 1972 dollars. \ 

SOURCE: National Science Foundation, Research ^nd Development in Industry, 1976 (NSF 76-314), pp. 12, 15. 18; and 
preliminary data. ' . . 



See table 4-2 in teVt. 
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Tlible 4-5. M«an abtoUit* t^^rcantagii arrora of aatlmataa of RftD f xptndlturar In 
Industry mada by ttvaral organjzatlpna 



-E8tlmaMon-pefk>d- 



Years estimated t)6yond available data 



Organization and typip^ 
, of expenditures estimamd 

National Science Foundation: 

Total R&D in all industry 

Industry-funded R£D^ in all industry ' 
Federally funded R&D In all industry 

Battelle Memorial Institute: 

.^^tal R&D in^ii industry 7 

Industry-funded R&D » in all industry 
Federally fuhdeb R&D in all industry 



McGraw-Hill Publications Company: 

Total R&D in all industry 

Total R&D in individual Industries 



Ond 


TWo 


Three 


year 


years 


^years 


•2 


' ^ 4 / , ^ 


NA. 


4 




NA 


3 


5 


NA 


NA 


NA 


4 


NA 


NA 


8 


NA 


. NA 


8 




Yecir surveyed 






Prior 


Current , 


Three years 


year 


year 

? ------ 


in future 


3 


5 


11- 


14 


17 


22 



^ Includes all sources other than the Federal Qovernmet^t? 
NA « Not available:"^ 

.NOTE: These percents result from comparing the various estimates with the actual R&D 
expfenditures subsequently report^ by tha National Science Foundation. NSF data for some 
years have been revised since their use by these organizations. 

SOURCES: NSF percent errors calculated from NationAl Patterns of R&D Resources: 1953- 
70, National Science Foundation (NSF 69-30)i 1969, 0p. 26-27, and subsequent, volumes. 

McGraw-Hill percent errors calculatcfd from ''Researctt and Development in American IrKliJS- 
try/' McQraW'HIii Publications Company, May 6. 1966, and subsequent issM0S. 

Battelle percent errors calculated from "Proba|3le Levels of R&D Expenditure in 1969: 
Forecast and Analysis." Battelle Memorial Institute, December 1968, and subsequent issues.- 
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Ihblt 4-6. jnduttrMi RAD •xptndlturtt fof^batlo r^torc^. appH^d rettarch, and 
^ dtvtlopmtnt: 1960-79 

IDollora In millions | 



Year 



Total 



Basic 
research 



AppKea^ 
research 



Current dollars 



Development 



1960 $10,509 



1961 
1962 
1963 
1964 



10,908 
11.464 
12.630' 
13.612 

14.185 
15.548 
16,385 
17,429 
18.308 



$376 
395 
488 
622 
549 

592 
624 
629 
642 
618 



$2,029 
1.977 
2.449 
2.457 
2.600 

2.658 
2,843 
2.915, 
- 3.124 
3,287 



$ 8.104 
8.536 
8,527 
9.651 
10,363 



10.935 
12.081 
12.841 
^^^^.663 
14V03 



y 



18,062 
18,311 
19.539 
21.233 
22.867 

24.164 
26.906 



1975 

1976 

1977 (prelim.) 29.895 

1978 (est.) 33.250 

1979 (est.) 36.760 



1962 
1963 
1964 

1965 
1966 
1967 
1968 
1969 

1970 
1971 
1972 
1973 
1974 

1975 
1976 



602 
590 
593 
* 631 
699 

^19 
817 
906 
975 
NA 



3,426 
3/413 
3.512 
3.822 
4.284 

4,576 
5,113 
5.669 
6.250 
NA 



Constant 1972 dollars ^ 



14,034 
14.308 
'15.434 
16.780 
17,884 

18,869 
20.976 
23.320 
26,025 
NA 



$15,304 


$548 


$2,955 


$11,801 


V15J45 


570 


2,854 


12.321 


16.249 


692 


3,471 


12.086 


17,642 


729 


3,43^ 


13.481 


18.583 


755 


"3.576 


14.253 


19,086* 


797 


3.576 


14.713 


20.255 


813 


3.704 


15,739 


20.735 


796' 


3.689 


16.250 


21,108 ^• 


778 


3.783 


16.547 


21.112 


713 


3.790 


16.609 


19,770 


659 


3.750' 


' 15.361 


19.070 


614 


^ 3,554 . 


14.9Q1 


19.539 


593 


♦ • 3.612 


15.434 


20.069 


596 


3.612 


15.866 


19.710 


•602 


3,692 


15.415 


19.004 


565 


3.599 


14.840 


20.115 


• 611 


3,823 


15.682 


^21.111 


590 


4.003 


16.468 


21,889 


642 


4,1 15 


- 17,133 


2?.438 


NA 


NA 


NA 



^ GNP implicit price deflators used to convert current dollars to constant 1972 doHars. 
NA i= Not available. 

SOURCE: National Science Foundation. Natlonal)^attems ofRSiD Resources, 1953-1978-79 
(NSF78-313), pp. 28-35. 



See figure 4-4. 1 
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Tlible 4-7. Exp«ndlturM for Industrial bMic r«*Mroh, appllsd (•••trch, and d«v#lopm«nt» by touro* 

" IPollars Inrp^^ 



Federal 

Year support 

1960 $.79 

1961 81 

1962 143 

1963 147 

.1964 165 

1965. 186 

♦66* 173 

1967 t\ 202 

1968 . .V ... 180 ^ 

1969 160 

1970 158 

1971 * 134 

1972 130 

. 1973 132 

' 197/1 163 

1975 157 ' 

1976 185 

1977 (prelim.) 206 

1978 (est.) .. 225 



Baste research 

Company /^Pederal portion 
^ support' 

$29? 
314 



Applied research 



Development 



345 
375 
384 

t 

406 
451 
427 
462 

' 458 

444 
456 
463 
499 

536 

562 
.632 
^700 
' 750 



(Percent) 

21.0 
20.5 
29.3 
28.2 
30.1 

31.4 
27.7 
32.1 
28.0 
25.9 

26.2 
22.7 
21.9 
20.9 
23.3 

21.8 
22.6 
22.7 
23.1 



Federal Company Federal portion Federal Company Federal portion 



support support ' (Percent) 



i 833 
812 
1.011 
1,007 
1,040 

1.038 
1.039 
1.066 
1.043 
1.051 

1.049 
974 
952 
993 

1.025 

1.130 
1.205 
1.345 
1.550 



$1,196 
1.165 
1.438 
1.450 
1.560 

1.620 
1/.804 
1.849 
2.081 
2,272 

2.377 
2.439 
,2.560 
2.829 
3.259 

3.446 
3.908 
4,324 
4.750 



41.1 
41.1 
41.3 
41.0 
40.0 

39.1 
36.5 
36.6 
33.4 
30.9 

30.6 
28.5 
27.1 

26.(y 

23.9 

24.7 
23.6 
23.7 
24.6 



support support ^ 
$ 



(Percent) 



5.169 
5,347 
6.281 
6.116 
6.516 

6.i&16 
7.120 
7.097 
7.337 
7,276 

'6.572 
6.558 
6,935 
7.020 



i.935 
3.189 
3,246 
3.535 
3.848 

4,419 
4,961 
5,744 
6.326 
7,127 

7,462 
7.750 
8,499 
9,760 



7.032 ^0,852 



7.318 
7,955 
8.868 
10,025 



11;551 
13,021 
14.452 
16,000 



63.8 
62.6 
61.9 
63.4 

62.9 

59.6 
58.0 
65.3 
53.7 
50.5 

46.8 
45.8 
44.9 
41.8 

39.3 

38.8 
37.9 
38.(t 
38.5. 



' Includes all sources other than the Federal Government. ' 

SOURCE: National Science Fbundatlon. National Patterns of R8.D Resources. lOdS-IOTS-TQ (NSF 78-313), pp. 30-35. 



See figures 4-5 and 4-6. 
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Jkb\9 4*«. P«r€tnt ditkributlon ot koUl, FMl«rtl. and company* Imiuttrliii RAD 
axp«n(tltur«t Into batio rattarch, applltd raaaaroh. and day«lo|>mtnt: 196070 









TblAl OKpondnurott 








Bn9tr f OBomrh Ap|)ll(Kl ro8onrt:h 






. lOOO 


3 6 


10.3 


77 1 


t96t 


. 100 0 


J 0 


lU 1 / 


' 78 3 


1002 


100 0 


4. J 




74 4 


* 


■ 100 0' 


^ 1 


to ft 


76 4 . 


1064 


. 100 0 


■ 4 1 


192 


70 7 


1005 


100 0 


4 / 


Id. / 


77.1 


1960 


100 0 


A 0 


ID %l 


111 


1967 


1000 


3 8 


1 7 o 


78 4 


1066 ^ ^ 


, 100 0 


3 7 


17 0 


78 4 


I960 ^ . . 


. ibo 0 


^4 


' 18rf 


78 7 


t070 


. jOO-0 


.3.3 


Itt.O-. - 


_7Z.7 


1971 , . . 


100 0 


0 2 


10 0 


78 1 


1072 :• 


. 100 0 


3 0 


IB 0 


700 


UI73 


. 100 0. 


3 0 


' 18 0 


79.0 


1974 


i6oo 


3.1 


18.7 


78 2 


1975 " 


1000 


3 0 


18 9 


* 78 1 


1076 


100 0 • 


3 0 


10-0 .. 


78 0 


1977 (piolim ) 


100 0 


3 0 


19,0 


780 


1978(081) 


100 0 ' 


' 2 


18 9 


78.2 


t 

■ 






Fodornl oxpondlturos 




1060 


100 0 


1 3 


13.7 


85 0 


1961 


100.0 


1 .3 


tin 
1 J U 


85 7 


1962. 


1000 


2.2 


1 C f 

»J5 7 


82 1 


1963 . . « 


. 100 0 


2 0 


13 0 


84 1 


^964 


. 100 0 


2 1 


136 

• 


.84 4 


1966 . . . . . . , 


IDO.O 


2 4 


13 4 


84.2 . 


1966 V . . 


100.0 


2.1 


12 5 


865 


1^67 ; 


1000 


2 4 


1 O "7 

1 4C 1 


848 


1968 .....* 


100 0 


2. 1 


12.2 


86 7 


1969 . . . 


100,0 


1 9 


120 


86.1 


» 1970 ^ 


inn n 


2 0 


13 5 


84.5 


1971 


100 0 


1 7 


127 


B6 6 


1972 


100 0 


1 6 


11 9 


866 


1973 


100 0 u 


1 6 


12 2 


86 2 


1974 ... 1 


1000 


2 0 

{■ 


12.5 


85 5 


1975 


1000 


u 

18 


13 1 


85 0 


ly /o ■ . - . . , , ... 


inn n 


20 


12.9 


op 1 


l9>7(piollhi) ' 


100 0 


20 


12.9 ^ 


■ 85.1 


■ 1970^cjsl) . . 


. 100.0 


1 9 


13 1 


86.0 


> 






Coinpnny ' oxiKtndiluros 




1060 


100.0 


6J 


27.0 


663 


1961 '. a. 


. 100.0 


6.7 


25.0 


683 


1962 


. 1000 


69 


28 6 


64.6 




100.0 


70 


27 1 


660 


1964 


. 100.0 


68 


26.9 


66.4 



1065 
1966 
1967 
1968 
1969 



100.0 
100.0 
100 0 
1000 
100.0 



1970 , 100 0 

.1971 100 0 

1072 . ' V ... 1000 

1973 100.0 

1974 1000 

•1975 . . . 100 0 

1976 .. 100.0 

1977 (prelim.) 100 0 

1078 (oM.) lOO.O 



63 
6.2 
53 
5,2 
4.6 

4.3 
43 
4 0 
38 

37 

3.6 
3.6 
3.6 

3.5 



26.1 
250 
23 1 
23.6 
23.0 

23.1 

22.9''' 

222 

21.8 

22.3 

22.1 
22.3 
22.2 
22.1 



68.6 
68.8 
716 
713 
72 3 

726 
728 
73.8 
74,6 
74.1 

74 2 
74.1 
742 
74 4 



* tnctudos nil sourcos other than tho Fedoral Qovdrnmont 
NOTE: Dolall niny not add to tofnia bocnuao ol rbyinding 
SOURCE. Computed from dntn In ^pendlx table 4 7. 
Soo figure 4>e. 
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1^bl« 4 9. 8ourc«a"ol •upport hi bitic ritMrcl>. applTtd rwiircW/in lndu»trlti:iw ami 1077 



IDoltarntn mntionBl 



Bnsic roaonrch 



Induntry 



Company' 
funds 



' Total $453 

Food arid kit idrod products 10 

Uimbor, wood products, and 

lurnlturo \ . . 1 

Chomiculs ond edited pioductft 150 

, Iridustrial chomlcals (^) 

iDcugs.jnodlciaaa^ad 

othor chemicals (') 

Petroleum rollnlng and extraction 31 

Primary niotala . i 13 

Fabricated metal products 3 

Nonelectrical machinery , , . 27 

OHtca, computing, and ("iCcountlng 

machines (^) 

All other nonoloclrical machinery ... (') 
Electrical equipment and 

communication , . . . 02 

Communication equipment and 

conimunicatlon 77 

All othor electrical equipment 15 

Aircraft and missiles 37 

Prpfessional equipment (^) 

Scientific and mechanical 

•measuring Instruments — (^) 

Optical, surgical, photogcaphtc. 

and other, instruments (') 

Nonmanufacluring industries 9 

Total $696 

Food and kindred products 19 

Lumber, wood products, and 

furniture 7 

Chemicals and allied products . . . . . 269 

Industrial chemicals , 83 

Drugs, medicines, and 

other chemicals 186 

Petroleum refining and extraction (') 

Primary metals 

Fabricated metal products 2 

Nonelectrical machinery < 56 

OfflCQ. computing, and accounting 

machines (^) 

All other nonelectrical machinery ... ' {^) 
Electrical equipment and 

communication 157 

Communication equipment and ^ 

communication 131 

All other electrical equipment 26 

Aircraft and missiles . . ' 31 

Professional equipment 19 

Scientific and mechanical 

measuring instruments . . \ (^) 

Optical. surglc(?l. photographic. 

and other Instruments * (') 

* Nonmanufacluring Industries "7 



Federal 
funds 



$202 

0 



Fod^ral^ 



0 
42 



portloi 
(Percent) 



ai 

{') 
22 



mpany^ 
funds 



A|)pllod rosearc| ) 

Foderal 

Federal 
funds 

1067 



Doveloprrient 



portion 
(Percent) 



Company^ 
funds 



. Fodorol 
funds 



Federal 
portton 
(Percent) 



$1,915 

. 70 



$1,068 
0 



1 

0 
0 
3 

(') 
{') 

32 

25 
7 
33 



44 



$214 
0 

0 
68 

c 59 

9 
{') 
{') 
0 
3 

{') 
{') 

25 

17 
8 

25 
3 

« 

(') 

35 



^ Includes all sources othor tbgp the Federal Government 
' Not separately avallfible buTincluded In total. 



{') 
3 

(') 
(') 
10 

{') 
(') 

26 

25 

(') 
47 

{') 
{') 

e) 

83 



24 

(') 

(') 
25 
42 

5 
P) 
P) 
{') 

5 

.(') 
{') 

14 



(') 
83 



A 


n 


544 


55 




(^) 






190 " 




84 


5 


37 


2 


132. 


67 


{') 


{') 
{') 


254 


237 


160 


181 


94 


56 


238 


493 


{') 


{') 


^. 




{') 


{') 


• {') 


(^) 


59 


158 




1977 


$4,275 $1,377 


' (2) 


{') 


37 


0 


1.245 


117 


500 


J 12 


745 


5 


{') 


(^) 


' {') 




85 


3 


15 


1*40 




n 


{') 




683 


337 


350 


130 


333 


207 


338 


423 


172 


11. 


{') 


(^) 


(') 


{') 


178 


204 



38/ 
0 


$5,664 
87 


$7,118 
1 


♦56 
1 


{') 
9 

{') 


9 
659 

h 


116 
(') 


(^) 
15 


2 
6 
5 
34 


— (T 

210 
140 
112 
926 


33 
3 
11 
323 


2 
9 
26 


{') 
{') 


(') 


{') 
{') 


(') 
(\) 


48 




1.970 


62 ' 


53^ 

37 
67 

{') 


iB64 
557 
' 783 
(^) 


1J36 
834 
3.984 • 


63 ^ 
60 
- 84 




{') 






{') 
73 


{') 
74 


(') 
196 


73 



24 

0/ 
-9 
18 

1 

(^)- 
(^) 
3 
10 

(') 

33 

27 
98 
56 
6 

(') 
53 



$14,391 
222 

83 
1.459 
595 

864 
454 

276 
257 
3.032 

2.038 
994 



$8,954 
0 

0 
110 
107 

3 
3d 
21 
43 
434 

407 
27 



2,416 2.334 



1.111 
1.305 
1.214 
1.b57 

294 

763 
329 



1.060 
1.274 
5.048 
142 

8 

134 
/ 198 



38 
0 

6 
7 

15 

0 

. 8 
7 

14 

13 

17 
3 

49 

49 
49 
81 
12 



15 
38 



3 Percentage cannot bQ calciilafbd with precision. 
SOURCE : National Science Foundation. P(osomch and Developniont in Industry, 7 (NSF 69-28). pp. 66 and 67. and preliminary data. 
See tabl^ 4-3 in text. Scioncelndicators--1978 
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1]libl# 4-10. Exp«nclltur«t for basic rsMaroh and n«t talat, 

by Individual manufacturing induatry: 1977 

t » 

(Dollars In mllllonsi 



" ~ . \ ^ Basic research 

I ndustry expenditures 

Total K ' $969 

Food and klndrod products r t 19 

Lumber, wood products anCi(Kjrnllure 7 

Paper and allied products. 9 

Chemicals arid allied products 336 

Industrial chemicals ^142 

Drugs and medicines 131 

Other chemicals c .... , 63 

Petroleum refining and extraction 48 

Rubber products r 9 . t 

Stone, clay, and glass products. 41 

Primary metals ^ 15 

Ferrous metals and products . . i 5 

• Nonferrous metals and products \ , . . 10 

Fabricated metal products 2 

Nonelectrical machinery . ■ 59 

Offlcel^ computing, and ' ♦ 4^ 

accounting machines * 43 

Electrical equipment and 

cornmunlcation ._. . 181 

Electronic components ' 6 

Communication equipment and'' 

communication ^. 146 

Radio and TV receiving equipment 

X and all other electrical equipment 29 

Motor vehicles and motor 

vehicle equipment 12 

. Aircraft and missiles ..." .* . 56 . 

Professional and scientific Instruments 22' 

Scientific and mechanical 

measuring Instruments ^ 10 

Optical, surgical, photographic, 

and other Instruments * 12 

All other manufacturing industries 53 

^ — 

* SOURCE: National Science Foundation, preliminary data. 
See table 4-4 in text. - 



Basic research 
^ expenditures 
per $10,000" 
^ Net sales of het sales 



$946,748 
95,282 

r. 16,507 
36.369 
90,855 
41,141 
18,587 
31.121 
137,938 
23,970 
24,253 
68,407 
44.77^ 
23,634 
32.298 
78.870 

20^.476 

941448 
10,722 

37,067 

46,659 

106.205 
54,532 
23.365 

6,764 

16,601 
63,449 



$ 9 
2 
4 

2 

37 
35 
70 
" 20 
3 
4 
17 
2 
1 
4 
1 

7. 
18 

19 

39 
^ 6 
1 

10 
9 

,15 

7 

Sl^ 
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223 



JMy\^ 411 exp«ndltur«t for bulc retMrch In Industry bj^ fl«ld of •ol«nc«; 1M7-77 

IDollars In mllllonsl f 



1967 1966 1969 1970 



Field 



loral" 



Physicnl sclances — 308 

Chemistry^.*: 162 ' 

Physwisiind astronomy 146 

MeftKfemallcs ^ 12 

Environmental sciences 14 

AlrTiospheric sciences (^) 

Geological sciences (^) 

Oceanography . . {^) 

EnglnoerKig* 172 

Life sciences . . ... ^ 69 

Biological sciences {^) 

Clinical medical sciences (^) 

Other sciences \ . . , 53 



Total 

Physical sciences V .^ . 

Cf^mistry 

Physics and astron6my . . 

Mathematics 

Environmental sciences . . . 

Atmospheric sciences 

Geological sciences 

Oceariography . 

6nginperlng^ 

U^e sciences 

/Biological sciences \, 

' i Clinical medical sciences \ 
Other scier^ces . f 



317 

191' 

126 

13 

11 

(^) 
(') 
181 
76 
50 
26 
43 



$615 
324 
213 
111 
13 
11 

(') 
(') 

170 
74 
58, 
16 

26 



297 
195 
102 
13 
6 
{') 
{') 

170 
86 
51 
35 
■ 28 



1971 1972 1973 

Current (Jollars 

$590 $593 
281 277. 



1974 1976 1976 1977 



180 
101 

^14' 

af 

3 
3 
2 
155 
94 
57 
37 
34 



183 
?4 

.X ia 



4 

(') 
183 
82 
61 
21 
33 

Constant 1972 dollars^ 



276 
193 
83 
14 
7 
2 
3 
1 

185 
102 
\ 77 
25 
47 



1559" 
319 
229 
90 
13 
10 
3 
5 
1 

178 
119 
83 
36 
60 



~J7W 
320 
228 
92 
14 
15 
6 

" 5 
3 
181 
122 
85 
37 
67 



wr 

359 
253 
106 
18 
• 17 
6 
7 
4 

204 
134 
102 

3? 

85 



405 
285 
120 
19 
19 
5 

4 7 
7 

^33 
.156 

28 

78 



$796 


$778 


$>09 


$659 


$614 


$593 


$596 


$602 


$565 


$611 


$692 


390 - 


3ef4 


374 


325 


293 


277 


261 


275 


252 


268 


286 


205 


231 


246 


213 


• 187 


183 


182 


f 197 


179 


189 


201 


185 


153 


- 128 


112 


105 


94 


78 


. 78 


72 


79 




15 


16 


15 


14 


15 


12 


13 


11 


11 


13 




18 


13 


13 


9 


8 


6 


7 


9 


12 


13 


• 13 


(') 


.(^) 


(') 


{') 


3 


(2) 


• 2 


3 


5 


4 


' 4 


{') 


{') 


' {') 


{') 


3 


4 


3 


4 


4 


5 




(') 


(') 


{') 


(') 
YlB6* 


2 


-0 


1 


1 




3 


5 


218' 


219 


196 


166 


183 


175- 


153 


i> 




165 


87 


92 


85 


94 


98 


82 


96 


103 




r 100 


110 


{') 


61 


67 


56 


59 


. 61 


73 


72 


.67 


76 


90 


(') 


31 


18 


38 


39 


V 21 


24 


31 


29 


24 


20 


67 


52 


30 


31 


35 


' 33 


44 


52 


53 


64 


55 



> * Includes rVietallurgy \ 
^ Not separately available but included in iotal. ' ^ 

^ GNP implicit price deflators used to convert current dollars to constant 1972 dollars.^ 

; SOURCE: 1967-1975: NatiOnal'Sclerice Foundation, Research and Development in Industry, /976(NSF78-314), p. 51; 1976-77: 
National Science Foundation.'prelimlnary data. 



See figure 4-7. 
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Jkb\0 4*12. Distribution of Industry's own funds for basic rsssarch to various psrformsrs: 1960*1978 

^ " I Dollars In mllllon8l ' v 



Expenditures 



^urrenl dollars* 
Universities 



Constant 1972 doDars^ 
* Universities 



Universities" 



Year 

1960.....^.. " 

1961 ...... 

1962 

1963 

1964 

1965* 

1966. 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974.. 

1975 

1 976 

1977 (prelim.) . 

1978 (est.) 





and 


Non- 




and 


.Non- 




and 


Non- 


Industry 


colleges 


profits 


Industry 


collsges 


profits 


^Industry 


colleges 


' profits 


$297 


$24 


$21 


$439 


■ $35 ' 




66^8 


T.o " - 


6.1 


3^ 


25 


« 22 


453 " 


36 . 


32 


87.0 


6.9 


6.1 


345 


25 


24 ^ 


489 


35 


34 


' 87.6 


6.3 


6.1 < 


♦ 375 * 


26 


25 - 


524 . » 


35 


35 


88.2 


5.9 


5.9 


384 


25 


25 


. 528 


94 


34 . 


88.5 


5.8 


5.8 


406 


26 


29 


546 


35 


39 


88.1 




6.3, 


^ 451 


27 


32 


' 588 


35 


42 


88.4 




6.3 


-427 


31 


•34 


540 


39 


43 


86.8 


6.3 


6.9 


^462 ' 


36 


37 


560 


44 


46 


86.4 


6.7 


6.9 


458 


39 


43 


528 


45 


50 


84.8 


7.2 


8.0 


444 


4 

40 


44 


•■ 486 


44 


48 


84.1 


7.6 


, 8.3 


456 ^ 


46 


45 


475 


48 


47 


83.4 


8.4 


8.2 


463 


63 . 


47 


463 


53 


47 


82.2 


9.4 / 


8.3 


499 


57 


49' 


472. 


54 


46 


82.5 


9.4 


8.1 


^536 




52 


462' 


53 


45 


82.6 


9.4 


8:0 


' 562 


72 




442 


54 


40 


81.7 


10.5 


7.8 


632 


72 




472 


54 


42 


83.2 


9.5 


7.4 


700 


<. 82 


.n 


494 


58 


41 


83.3 


9.8 


6.9 


750 


85 


,60 


494 


S6 


39 


83.8 


9.5 


6.7 



' GNP Implicit price deflators used to convert current dollars to constant 1972 dollars. 

- ; . » ^ . . ■ ■ 

, NOTE: Percents may not add to 100 twcause of rounding, 

SOURCE: National Science Foundation. NatiormI Patterns of R&D Resources, 1953-19^8*79 (NSF 70-313). pp. 30-35. 

•f ' . ' 

See figure 4-8. - Science Indicators— 1978 
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Dibit 4*13. Expthdlturtt for applltd rtMtrch and dtvtlopmtnt, 
by product fltld and tourct of fiinda: 1077 

IDQlliirs In ml|iron3) 



Ibial 

Product Held funcling 

Total \ .$28,997 

Ordnance, and accessories, not 

elsewhere classified a.: 288 

Quided missiles and spacecraft .a 3,035 

F o o d a n d k i ndred p rod uc t s — tt : 3^ 

Textile mill products 96 

Chemicals, except drugs and medicines . . 2,024 

Industrial Inorganic and organic chemicals . . 620 

Plastics materials and synthetic 

resins, rubber, and fibers 747 . 

Agricultural chemicals 236 

Other chemicals 422 

Drugs and medicines : - 959 

Petroleum refining and extraction 473 

Rubber and miscellaneous plastics 

products . 378 

Stone, clay and^fltass products % '19*1 

Primary metdls .'. ........ i 3?7 

Ferrqys-ff<etals and products ■. . 172 

Nonferrous metals and products .155 

Fabricated metal products 1;157 

Nonelectrical machinery 3,572 

Engines and turbines 531 

' Farni machinery and equipment 222 

Construction, mining, and rpaterlals 

handling machinery 378 

Metalworking machinery and equipment 126 

Office, computing, and accounting 

machines \ . . 1,856 

Other nonelectrical machinery . . / 458 

Electrical equipment, except comn]|unication . . . 905 

Electric transmission and distribution 

equipment 225 

Electrical industrial apparatus 299 

Other electricaJ Equipment and suppfies 361 

Communication equipment and 

electronic components 5,038 

Motor vehicles and other transporte^tion 

equipment \ 2,611 

Motor vehicles and equipment 

Other transportation equipment %. . . 201 

Aircraft^and parts 3,125 

Professional and scientific instruments 1,260 

Other product fields, not elsewhere 

classified 3.209 



Company Federal Federal portion 
funding^ funding (Percent) 



$18,666 $10,331 



r 57 



r/ 
{') 
1.984 
603 

731 
* 234 
417 
&47 
456 

{') 

321 
169 
152 
549 
3,338 
480 
i') 

(') 
{') 

1,716 
424 
672 

128 
213 
331 

2,587 

2,415 

90 
975 
986 

2.073 



231 
2.731 

-^*)- 

(') 
40 
17 

16 

2 
5 
12 

' 17 

{') 
{') 
6 
3 
3 

608 
234 
51 

. {') 

{') 

140- 
34 
233 

97 
86 
50 

2,451 

19? 

Ill 
2,150 
274 

1J36 



35.6 

•80.2 
90.0 

— 

(*) 
2.0 
2.7 

2.1 
0.8 
1.2 
1.3 
3.6 

(') 
{') 
1.8 
1.7 
1.9 
5^.5 
6.6 
9.6 
{') 

.(») 

7.5 
7.4 
25.7 

43.1 
28.8 
13.1 

48.7 

7.5 

55.2 
68.6 
21.7 

35.4 



' Includes all sources other than the Federal Government. 
2 Not separately available but Included in total. 

SOUf^CE: National Science foundation, preliminary data. 

See figures 4-9 and>4: 10. 
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4<14. PtrMnt ch«no«t In oonttant dollar^ applied r^ttaroh and 
( davolopmant •xp«ndltur«t» by product fl#ld: 1971-77 



Product field 



^Percent 
change 

11 



Total 

Ordnance and accessories, not 

elsewhere classified , 2 

GUlded missiles and spacecraft ^ 3 

Food and kindred products 14 

Textile mill products 10 

Chemicals, except drugs and medicines 2 

Industrial Inorganic a^d Organic chomlcals . >. 6 

Plastics materials and synthetic 

resins, rubber, and fit>ers - 1 

Agricultural chemicals '24 

Other chemicals 3 

Drugs and moditines. 22 

Petroleum refining and extraction . /. ' 21 

Rubber and miscellaneous plastics products 19 

Ston^clay, and glass products ^ *-2 

Primary metals . . . 4 

ferrous metals and products "2 

Nonferrous metals and products . , 10 

Fabricated metal products 12 

Nonelectrical machinery 36 

.Engines and turbines . .* 46 



Pro(jliict flel^J 



Percent 
change 



Nonelectrical machinery (continued) 

Farm machinerv and equipment 67 

Construction. r)tlning. and ^ 

materials handling machinery 31 

Metalworking machinery and equipment , 2 

* Office, computing, and accounting machines 39' 

Other nonelectrical machinery 17 

Electrical equipment, except communication - 1 1 

Electrical transmission and dlstrt|:]{utt6n 

equlprrient '! -16 

Electrical Industrial apparatus 6 

Other electrical equipment and supplies - 19 
Communicafion equipment and electronic 

components " * 17 

Motor vehicles and other 

transportation equipment ,* 32 

Motor vehicles and equipment <7 ^33^ 

Other trans^ortatidn equipment ^#f* 

Aircraft and parts ^15 

Professional and scientific Instruments ........ 31 

Other product fields, not elsewhere classified ...... 85 



' QNP implicit price deflators use to convert current dollars to constant dollars 

S OURCE: Calculated from National Science Foundatten, Research and Development in Industry, 1976 (NSF 78-314). p. 54; and 
^■ff^liminary data. 
W 




/ 



See table 4-5 In text. 
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If 



/ . .- ■ - 

Ikblf 4'1S. liKlu«trl«l •Kp«ndllur«« for tMr^y R4D by primary 
t#ohnology and aourot of funds: 1973-76 

V , I Dollars In mtltk>n(i1 



F>rlnuuY onorgy technology 



197a 1*74 l9?5 



AH tochnologlUH . . $1,004 

F0U8II KiOl 433 

on , 297 

Coal 40 

Mining NA 

Synlholic fuol NA 

Olhor NA 

Gatj . ■ 51 

( tJUho! fossn fuol 29 

^ Nucfoflr 501 

' S Fission ^ , 

Fusion . ! 

QodlhormnI 

Solnr ' 

Consorvalion and unlizniion . . 

All oUior onorgy lochnologlos 



$1,213 
507 
326 
65 
4 
21 
39 
74 



1976 

Tbtui 

$i;374 $l.Qpe 
532 5B3 



1977 1978 (out.) 



476 

25 
1 

2 

07 



All lochnologion 
Fossil tii/i ^ 




oir 

or: 

Mining 

Synthotic Kiol 

Oirior 

Gas 

Shale 

Othor fossil fuol 
Nucloar . . . . ..^ . . 

Fission 
Fusion 

Qeothotmal 

Solar ' 

Consorvatlon and utihzatton . 
All other onorgy lochnologios 



^385 
10 
2 
7 

NA 
NA 
NA 



1 



366 
349 
18 



''30 
601 
568 
34 
2 
7 
20 
76 



$482, 
13 
3 
9 



444 
421 

23 



8 
14 




-^ssil I 
Oil 
Coal 

Mining .... 

Synlholic fAiel 

Olhor ' 

. Gas 

Sfialo 

Olhor fossil fuol 

Nuclear 

Fission 

Fusion 

Goolhorrnal 

• Solar 

Consorvalion and ulilizalion . 
All olhor onor^ lochnologlos 



$619 
423 
295 
42 
NA 
NA 
NA 

I 66 

135 
127 
7 



59 



321 
109 
9 
50 
50 
66 
\A- 



366 

127 
10 
, 74 

43 
68 

— IS. 



23 5 

700 799 

659/^ 741 

V 41 58 



6 
19 
52 
64 



13 
43 
63 

65 



$1,930 
695 
420 

177 
9 

m 

52 
78 

J6- 

6 

906 
823 
63 
24 

65 

lie 



Fodorai 



$8?2 
42 
6 
32' 

16 



|.3 j,e 



16 



B40 
503 
37 



I' h i 
1« 



$754 

79 
. 12 
47 
3 
26 

16 



601 
547 
54 
8 
26 
17 
23 



12 

10 
IB 



Company' 



$731 


$752 


494 


490 


322 


315 


56 


77 


1 23 


j« 


33 


34 


lie 


'1 98 


157 


160 


1M7 


156 


11 


4 


)• 


1'" 


12 


42 


62 


46 



$2,146. 
603 
443 
246 
9 
118 
69 
84 

23- 



7 

.943 
667 
76 
26 
70 
170 
134 







$914 


NA 


129 


NA 


17 


NA 


87 


NA 


4 


NA 


58 


NA 


25 


NA 


20 


NA 




NA 


i» 


NA ' 


669 


NA 


59^ 


NA 


7^ 


NA 


9 


NA 


43 


'NA 


32 


NA 


32 


NA . 



$852 


$1,016 


NA 


504 


566 


. NA 


358 


403 


NA 


BO 


90 


NA 


7 


5 


NA 


48 


58 


NA 


25 


27 


NA 


52 


50 


NA 


|,e 


- 15 


NA 
NA 


198 


237 


NA 


194 


231 


NA 


4 


6 


NA 


6 


15 


NA 


17 


22 


NA« 


66 


92 


NA 


62 


64 


NA 



Mncludos all sources olhor lhan Iho Federal Government 

NA - Not available ». 

SOURCES. — 1973: National Science Foundation, f^osearch and Development In Industry, 

1974. (NSF 76 322). p. 59. 

— 1974: National Science Foundation, f^esearch and Development In Industry, 

1975. (NSF 77-324). p. 63. 

— 1975: National Science Foundation. Resoarch arJrf Development In Industry, 

1976. (NSF 78-314). p. 45. 

— 1976. 1977. and 197B: National SciorKje Foundation, preliminary data/ 



See figure 4-16. 
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ItebU 4-19. Industrial •xp«ndltur«t for pollution abattm^nt RI^D 
by typ# of pollution and tourer of funds: 1973-78 

IDollars In mllllonsi 



All 

Year Source typos 

1973 TolQl s $ 603 

^- Federal .-^ 36 

Company* , . . 56a 

1974 Tbtal 657 

Federal 51 

^Company* . , 606 

t975 Total , 647 

Federal : ' 4 1 

Company* ' 606 

1976 Total 769 

Federal 51 

Company* {. . 7^8 

1977 Total 918 

Federal 57 

Company* , . . 861 

1978 TotaMest.) 1.050 



All 

$461 
10 
451 

508 
17 
491 

478 
14 
464 

571 
26 
545 

685 
23 
662 

787 



Automotive 
emissions 



*1ncludes all sources other than the Federal Government. 
Note* Detail may not add to totals becagso of rounding. 



NA ^ Not available 
SOURCES: 



. lyp^ of pollution 

Air pollution 

Electric ^ 
poiver plant 
emissions 

NA 
NA 

NA . 

NA 
NA 
NA 




^11 
Other 

NA 
NA 
NA 

NA 
' NA 
NA 

$102 
7 
95 

114 
16 
•98 

123 
13 
110 

■163 



Water 
US- 



4 

82 



Solid 
waste 



Other 
types 

$ 66 
21 

35 



60 






75 




5 




29 




69 




46 






g3 


75 




4 




23 




90 




52 


87. 




21 


80 


7 




1 


17 


80 




20 


63 


105 




28 


100 


7 




7 


20. 


98' 




21 


80 


114 




30 


119 



1973: National Science Foundation. Research and Development in Industry, 1974, (NSF 76-322), p. 60. 
1974; National Science Foundation. Research and Development in Industry, 1975, (NSF 77-324). p. 65. 
1975: National Science"Foundation, Research and Qevetopment in Industry, 1976, (NSF 78-31 4).Xp. 47. 
1976. 1977, and 1978: National Science Foundation, preliminary data. 



See figure 4- 1 7, 
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Tteble 4-17v U.S. pattnU grtnttd, by nationality of 
Invtntor and date of grant: 1M0-77 



AIIU.S.^ 1b U.S. 

Year patents inventors 

1960 ........... 47^170 39.472 

1961 48.368 40.154 

1962 ^ 55.691' 45.579 

1963 * 45.679 37.174 

1964 , 47,375 38,411 

1965 62.857 

1966 68.408 

1967 65,652 

1968 59.103 

1969 67.560 

1970 64.432 47.077 

1971 78.320 55.979 

1972 74.813 51.519 

1973 74.148 51.509 

1974 ..r 76.281 50.648 

1976 72.029 46.731 

1976 70.223 44.281 

1977 65.218 41.452 



50,332 
54.636 
51.274 
45.783 
50.398 



Tb foreign 
inventors 

7.6M 
8.214 
10.112 
8.505 
8.964 

12.525 
13.772 
'14.378 
13.320 
17.162 

17.355 
22.341 
2:j.294 : 
22.639 
. 25.633 

25.298 
25.942 

23.766 

« 



SOURCE: Office of Techriology Assessment and Forecast. 
U. S. Patent and TVademark Office, Special R^ix>n: A Profile of 
U. S. Pfitfint Activity, 1963-1977, p. iii. 



See figure 4-ieP 
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Ikbit 4-18. U.S. paltnU granltd to U.S. Invanlort, by 
lypt of owntr and dalt of grant: 1M1 -77 



^Owners 



Yoar patents corporations Qovornment Individuals' Foreign* 

1961 .40.154 27.38/ 1.460 7^233 79' 

1962 .46.679 31.37V * 1.276 12.817. \09 

1963 37,174 26.722 1,017 10.358 77 

1964 38,411 26.808 ,1.174 ^ 10.336 - 93 




,1965 ].., 50.332 35.698 • 1,522^ 13,032 80 

1966.. ?f'... 54.636 39,893 1.512 13,050 181 

1967 51.274 36,745 ^ 1.726 12,634 169 

1968 ....45.763 33.351 1,468 10.768 206 

1 969 50,398 ^7,033 .1.810 11 .362 1 93 

1970 . . 47.077 34,903 , 1.761 ^ 10.157 256 

1971...'...^..^ 55.979 40.676 2.135* 12.746 422 

1*972 51,519 36,873 1,762 12.578 306 

1973 51,509 36.519 2.078 12,677 239 

1974..-..;: 50.648 35.655 1.729 12.97^ 286 

1975 46.731 33.404 1,882 11.202 243 

1976 44,281 32.119 1,807 10.119 236 

1977 41.452 29.522 1.479 10,247 204 

. . , ; — ^ — ^jr— -r-. — ■ -. ■ 

Mncludes unassigned patents. 

^Comprises patents assigned to foreign corporations, governrnonts, and Individuals. 

^SOURCE: (Jfflce of Technology Assessment and Forecast. U. S. Patent and T^ad^ark Office. 
Special Report: A Profile ofL^S. Patent Activity 1963-77, p. Ill, and unpublished data. 

See figure 4> 19. > Science Indicators— 1978 
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Dibit 4t19. DIttHbution of U.S. piiUntt dut to U. 8. rnvtntora, by 
product fitid and olaaa of own«rthlp« for piit«nta granttd in 19Q7 and 1977 



Porconi U S- Percent U. S. 
corporallona QovornmoDl 



Percent U S 
individuals^ 



Eroduct fiold 



All producMlolds .... 
Food nilcJ kindred products , . 
To¥lllo mill products . . 
Chpmlcals and ftlllod products 



Ghemicftlft. except drugs aiui inodlclnos — : . , . 
BaSiAhdustrial inorganic ond organic chonncals 



Industrial mOrganic chomlcals 

Industrial organic chemicals 

Plastics materials and synthetic roams 
-AgcicultumLchemicals — , ^ , 



i 



All other chemicals 
Soap, detergents, and cleaning preparations; perlumos. 

cosmbtlcs. and other toilet preparations 

Paints, varnishes, lacquers, enan^els. and allied products — . . 

Miscellaneous chomlcal products 

Drugs and modlclnes 

Petroleum and natural gas extraction and petroleum rodning 

Rubber and miscellaneous plastics products 

Stone. Clay, glass, and concrete products 

Pnmary motals ' ^ • • 

Primary ferrous products 

Primary and secondary nonferrous products 

Fabricated metal products 

Machinery, except electrical — 

Engines and turbines . -Mt- 

Farm and garden machinery and equipment 

Construction, mining, and material handling machinery and equipment . 

Metal working machinery and equipment 

Office computlftg and accounting machines | 

Other machinery, except electrical ■ / 

Special Industry machinery, except metal working machinery 

General industrial machinery and equipment . . 

Refrigeration" and service industry machinery . . — 

Miscellaneous machinery, except electrical - . • 

Electrical and electronic mariner/, equipment and supplies — 

Electrldal equipment, except communication equipment 

Electrical transmission and distribution equipment^ 

Electrical Industrial apparatus . . * 

Other electrical machinery, equipment and supplies ' - 

Household appliances 

Electrical lighting atnd wiring equipment 

Miscellaneous electrical machinery, equipment, and^uppjies — 

Communication equipment and electronic components 

Radio and television receiving equipment, except ' 

communication types . . y. 

, Electronic components ana accessories and communication 

equipnfient ^ ' ■ 

^ Transportation equipment 

Motor vehicles and other transportation equipment, except aircraft . . . 

Motor vehicles and motor vehicle equipment 

Guided missiles and space vehicle^ an^ parts 

Other transportation equipment 

. Ship and boat building and repairing . 

Railroad e(^ulpment ' — 

Motorcycles, bicycles, and parts • ■ 

Miscellaneous transportation equipment . 

Ordnance, except missiles 

>flrcraft and parts 

Professional and scientific instrumerits . 



1967 


1977 


1907 


1977 . 




1977 


72 


71 


3 


4 


25 


25 


75 


79 


6 


5 


19 


17 


82 . 


at 


5 




1.2 , 


t4 


91 


91 


3 


3 


5 


5 


91 


92 


3 


3 


5 


5 


91 


93 


3 


3 




3 


84 


P6 


7 


5 


8 


8 


92 


94 


3 


3 . 


4 


3 


94 


93 


1 


2 


4 


4 


88 


92 


3 


2 • 




6 


85 


85 


7 


8 




7 


89 


91 


4 


2 


7 


6 


86 


82 


0 


5 


14 


14 


83, 


81 


9 


12 


8 


7 


90 


91 


1 


2 


7 


6 


91 


86 


« 1 


2 


8 


U 


69 


69 


2 


3 , 


28 


28 


78 


74 


1 


3 


20 


22 


80 


79 


5* 


4 


t5 


15 


78 


77 


4 


5 • 


17 


17 


82 


- 84 


7 


,4 » 


11 


10 


63 


59 ' 


2 


2 


35 


39 


70 


66 


2 


2 


28 


30 


64 


53 


' 5 


4 


30 


43 


5& 


56 


1 


1 


43 


- ^3 


62 


63 


1 


1 


37 


" 35 


7p 


67 


1 


1 


29 


32 


^0 


81 


4 


3 


16 


15 


71 


71 


2 


2 


27 


27 


74 


75 • 


1 : 


... -"1 


24 


23 


70 


69 


2 


2 


28 


29 


65 


62 


1 


1 


34 


36 


66 ^ 


70 


2 ' 


3 


32 


27 


78 


77 


6 


6 


15 


, 16 


79 


78 


4 


4 


17 


17 


81 


79-^' 


- . 6 


■ 7 


13 


14 


84 


86 


4 


3 


11 


11 


76 


1^ 


3 




21 


22 


71 


65 


0' 


* 

^ 1 


29 


34 


76 


78 


4 


2 


20 


20 


8Q 


80 


5 


4 


14 


16 


79. 


77 


8 


8 


12 


14 


79 


80 ^ 


8 


8 , 


13 


11 


79 


.77 • 


9 


8 


W 


14 


58 


54 


7 


7 


35 


39 


58 


54 


■ 7 


7 


35 


39 


61 


'58 


1 




38 . 


40 


67 


64 


19 


18 


13 


19 


62 


59' 


2 


2 


35 


40 


52 ' 


45 


4 


.4 


44 


50 


79 


• 80 . 


1 


1 


19 


19 


79 




0 


0 


21 


34 


66 


65 


1 


1 


33 


34 


46 


37 


2a 


36 


25 


26 


60 


* 53 " 


4 


, 3 


36 


44 


68 


67 


5 


5 


27 


27 



Mncliidos una^$lgned.*patents. 



SOURCE. Calculated from Office of Technology ^sfcssment and Forecast. U.S. Patent and Trademark Office. Special Report: 
Patenting in 55 Standard Industrial Classification Fiol\ (im-77), Considering Original Patents On/y. 1978.^' All product fields'* 
calculated from Appendix table -4^ 17. . 



See figlire 4-20. 



SclGncolndlCntorS'-1978 



:Tfcbl% 4'»20. Numbvr of U 8rp«f n l» dwitrttrS; I nvtrit b r t, by product Htid/ for patt nts grantf d miM7 and 1077 



•A- 



* Porceni change. 

Product flold * 1967 1977 ^ 1967-1977 

All produclfiold? .....51,274 41.4xS2 192 

Food and kindled products 451 535 18.6 

Tbxtlle mill products , » 457 437 - 4.4 

Chemicals and allledf)roducts 7:910-' 7.132 . 9,8 

Chemicals.. except drugs andYnedlclnes ' • 7.843 7.001 ^ 10.7 

Basic Industrial Inorganic and organic ohon^icals * 4.324 3.55'4 - 17.B 

Industrial inorganic chemicals 929 ' 893 ~ 3.9 

Industrial organic chemicals 3.751 2.953 -21.3 

Plastics materials and ^ynthejlo rosins 2.207 1 ,692 - 23.3 

Agricultural chemicals ^ 687 1.227 • 78.6 

All other chemicals . . .t:- ^ ^ _ ^ ^ ^ • ^ . . 742 705 5.0 

Soap, detergents, and cleaning preparat|ons^~perturnes. ~ ~" T 

cosmetics, and other joilet preparation^ 282 280 0.7* 

Paints, varnishes, lacquers, enamels, and allied products , 29 • 44 . 51.7 

Miscellaneous chemical products : 521 479 - 8. 1 

^Drugsand medicihes . . .\\ . . . 762 1.249 63.9 

Petroleum and ryitural gas extraction apd petroleum refining ! 841 ^* 719 -14.5 

Rubber and miscellaneous plastics products ^ 2.801 2.451 -12.5 

Stone, clay, gloss, and concrete products ' 1,138 1.121 ' - 1.5 

Primary metals 664 467 -29,7 

Primary ferrous products . * ' ? . 502 316 -37.1 * 

Primary and secondarf'iionferrous products 399 295 -26.1 

^Fabricated foetal products 7.369 5.825 - 21 .0 

Machinery, except electrical ' v 16.206 12.367 -23.7 

Engines and turbines ^ 1.117 1.305 16.8 

Farm gnd garden machinery and equipment , 1 .630 1 .279 -21 .5 

Construction, mining, and material handling machinery and equipment ..." 3.116 2. 1 96 - 29.8 

<Metal working machinery and equipment 1 .563 1 .098 -29.7 

Office compiling ahd accounting machines . ^ 1 .640 1 .393 -15.1 

Other machinery, excepj electrical ^ 1 0.0/4 7, 1 24 - 29.3 

Special industry machinery, except metal working machinery ^ 4.007 2.799 - 30.1 

General Industrial machinery and equipment 5.305 3,662 -31.0 

Refrigeration and service Industry machinery 1 ,373 903 -34.2 

Miscellaneous machinery, except electrical \ : 744 660 -11.3 

Electrical and electronic machinery, equipment and supplies 1 0.688 8.601 - 19.5 

Electrical equlprhent. except Communication equipment 6.229 4,351 .^-30 J 

Electrical transmission and distribution equipment 2.189 1,437 -34.4 

Electrical indust^al apparatus. 1.865 1.151 - 38.3 

^ Other electrical machinery, equipment and supplies . . .^ 3.166 . 2,280 28.0 

Household appliances 1.087 p58 ' -39.5 

Electrical lighting and wiring equipment . . 804 582 - 27.6 

Miscellaneous electrical machinery, equipment, and supplies 1,280 1.034 • -19.2 

Communication equipment and electronic components 5.639 5.079 9.9 

Radio and television receiving equipment, except communication types 847 839 • -^0.9 

Electronic Components and accessories and communication equipment ' 5.546 5.020 ^ 9.5 

Transportation equipment u ^. . . 3.153 3.071 ~ 2.6 

Motor vehicles and other transportation equipment • 2.946 2.900 1 .6 

Motor vehicles and motor vehlcjp equipment v. 1 ,584 1 , 769 11.7 

Guided missiles a nd spac^ >^cles and parls 40t 274^ 31'.7 

Other transportattpn equipment r 1.000 811 -^8.9 

Ship'and boat'bullding and repairing 335 273 -18.5 

• Railroad equipment 510 379 ^ -25.7 

Motorcycles, bicycles, and pa(ts * Ill 83 -25.2 

Miscellaneous transportation equipment ^ , 534 462, 13.5 

Ordnance, except missiles *!- 333 339 r 1.8 

Aircraft and parts » 833 1.130 35.7 

Professional and scientific Instruments 4.719 5,015 6.3 

, : ■ <i . ^ . . ' ^ 



^. SOURCE: Calculated from Office of Technology Assessment andjFprecast. U. S. Patent and Tnademe^f^k Office. Special Repotl: 

Patenting in 55 Standard Industrial Classification Fiolds(1963'77), Considering Original Patents Only, 1 97b. "All product fields" from 
Jj, Appendix table 4-1 7. , , 
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•nd In othar •oonomlo and ni«npo/W«r varitbiM: 1980-1976 



Scientists and engineers^ 

v Scientists' 

Engineers . . 

Nonfarm workers^ 

QNP3 



.1950-63 


1963-70 


1970-76 


6.6 


3.2 


^""i.s""' 


TO 


4.8 


4.1 


6.5 


2.5 


.4 


1.8 


3.2 


' 1.9 


3.9 




2.9' 



'Excludes psychologists, social scientists, and computer specialists, for whom comparable 
data are not available for these years. 
^Nonfarm wage and salary workers, v 
^Qross National Product (in con^stant 1972 dollaris). 

SOURCES: Rates computed by the National Science Foundation from data in: Employment 
of Scientists and Engineers, 1950 70, Bulletin 1781, United States Department of Labor. 1973, 
p. 11; unpublished data from the United States Department of Labor; and the Economic 
Report of the President, 1978, pp! 258, 289^ 

««> . - 

S6e figure 6-1 • Science Indicators— 1978 



222 



34 



Jkbtk 8*2. Soltntitta and tnolnmt by f1tt4, Wf$ tmptoymam ttafut: 1974 gnd 1970 



In labor force 



Tblal 

■ Roklftndsex ^^^^-^ ^^^^ 

All fields 2.481.800 2.706.800 

Men 2.285.000 2.455.800 

Women , . . . 218.800 250.000 

Phyelcal scienliete 247.900 280.600 

Men 227.200 254.100 

Women ! t.. 20.700 28.500 

Mathematical scientists 101 .000 1 10.200 

Men 81.000 87.20P 

Wwnen 20,000 22.900 

Computer spedalists 170.000 179.900 

Men 135.400 143.600 

Woman ^ -^C^ 34.600 38.400 

EnvlroiimiB|(rtcidntlsts» 79.000 86.700 

Man . . ^ 73.700 79.300 

Women 5.200 8.400 

Llfesdentlsts 268.000 314,100 

Men 214.100 253,300 

Women . , .' 51,900 60.800 

Social scientists 217.000 237.200 

Men 164.000 179.200 

Women ..... ^ v 53.000 ' 58.000 

Psychologists f(J9.300 122.900 

Men 84.200 , 92.300 

Women 25.100 30.700 

Engineers 1.291 .800 1 ,375,200 

,Men \ 1 .284,900 1 .388.900 

^ Women 6.700 8.300 



Tbtal 



1btal 



Employed 

In S/E 



Outside S/E 



Unemployed but 
seeking employment 



Outside 
labor force 



1974 

2.288.000 
2.109.700 
183,300 
206,500 
189,900 
16.600 
64.500 
70.600 
13.900 
187,100 
135.406 
31.700 
71.500 
87.100 
4.400 
243.400 
197,400 
46.000 
192,400 
147,100 
45.300 
£^.000 
73,000 
21,000 
1.228.600 
1,224.200 
4.400 



1976 ' 

2.451.700* 
2.240.000 

2ii,7qp 

237.300 
215.800 
21.500 
92.200 
76.000 
16.200 
173,500 
139,500 
34,000 
77.400 
73,000 
OOO 
288.300 
232.700 
53.700 
211.400 
182^100 
49.300 
105.700 
80,000 
25^700 
1.268.000 
1.261.000 
7.000 



1974 


1976 


1974 


1976 


1$74 


A OTA 

1 97o 


1 w74 






1 Q7A 


2.248.200 


2.377.100 


NA 


2.090.300 


NA 


268.80Q 


39.e66 


74!6b6 


193.600~ 


254.100 


2.072.100 


2.179.900 


NA 


1.914.400 


NA 


265,600 


32,600 


60.100 


160.300 


215.800 


178.100 


197,200 


NA 


175.900 


NA 


21,300 


7.200 


14.500 


33.500 


38.600 


201.400 


227.400 


NA 


" 189.400 


NA ' 


38,000 


5.100. 


9.900 


41,400 


43.300 


185.500 


207.500 


NA 


176.400 


NA 


31,100 


4.400 


8.400 


37.300 


38.300 


15.900 ' 


19,900 


NA 


13.100 


NA 


8.900 


700 


1.500 


4.100 


5.100 


62.800 


88.300 


NA 


85.700 


NA 


2,600 


1.700 


3.900 


16.500 


16.000 


69.300 


72.700 


NA 


70.300 


NA • 


2,300 


1.300 


3.300 


10.460 


11.200 


13.500 


► .15.600 


NA 


15.300 


NA. 


300 


, 400 


500 


6.100 


6.800 


166.200 


172.300 


NA. 


167.200 


NA 


^.200 


900 


1.100 


2.900 


6.400 


134.900 


138.700 


NA 


134.400 


NA 


4.300 


^ 500 


800 




4.000 


31.300 


33.600 


NA 


32.700 


NA 


900, 


400 


400 


2.900 


2.400 


69.100 


?4.eoo 


NA 


52,000 


NA 


22.900 


2.400 


2.600 


7,600 


8.300 


64.600 


71.100 


NA 


49.900 


NA 


21.200 


2.300 


1.800 


y*.600 
^ 900 


6.300 


4.300 


3.700 


NA 


2.100 


NX 


1.600 


100 


700 


2.000 


238.600 


277.500 


NA 


224,900 


NA. 


52.600 


4.800 


8,600 


22.600 


27.800 


193.400 


226.000 


NA 


176.400 


na\ 


49,600 


4,000 


6.600 


16.700 


20.600 


-^45.200 


51.400 


NA 


48.500 


NA 


2.900 


800 


2,200 


5.900 


7.aoo 


187.900 


198.300 


NA 


. 163.600 , 


NA 


34.700 


4.500 


13.100 


24.600 


25.600 


t44.50a 


153.200 


NA 


124,900 


NA 


28.300 


2.700 


9.006 


, 16.900 


17,100 


43.4Q6 


45.200 


NA 


38.700 


NA 


6.400 


1.800 


.4.200 


7.700 


8.600 


89.6p0 


97.800 


NA 


64.200 


{ N4^ 


13.500 


' 4,400 


6.000 


15.300 


17.200 




76.700 


NA 


' 64.600 


NA 


12.100 


1.500 


3.300 


11,200 


12.300 


18!l00 


21,100 


NA 


19,700 


NA 


1.400 


2,900 


4.700 


4.100 


4.900 


1.212.600 


1,240.700 


NA 


1.123.400 


NA 


117.300 


16.000 


27.200 


63.000 


107,200' 


1.208.300 


1.234.000 


NA 


1.117,600 


NA 


116.500 


15.900 


26.900 


60.700 


105,900 


4,300 


' ' 6.700 


NA 


5.600 


NA • 


900 


100 


300 

^ 


2.300 


1,300 



' Too few cases to estimate. , . > • 

* Includes earth scientists, oceanographers. and atmospheric scientists. 

NA -• Not available ^ 
NOTE: Detail may not add to totals becaiise of rounding. 

SOURCE: National Sclonco Foundaflon, Dotailoci StatistfcalJabfos. U.S. Scientists and Engineers. im (NSF 79-305). based on pp. 14, 
46-49 and unpubllshod data. . .* 

\ . ■ ■ 

See figures 5-2. 5-8 and 5-10. 
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■0' 



23(5 



J\^b\% BO» Employtd toltntlttt and tnglnMrt an •v«rag« parotnt of total 
nonproduotion workara In aalaotad Induatriaa: 19B2-1976 



Avarago paroanis for aach period 



Industry 


1952-1956 


1957-1961 


1962-1966 


1967-1975 




Chemicals V. , 


23 . 


24 


25 


23 




Primary melola' 


10 


12 


12 


11 




Fabricated meials 


9 


10 


10 


10 




Nonol©clrlcal machioory 


12 • 


■ 14 


^- '® 


14 






23 


26 


^ 27 


24 




Inairumenis 


18 


21 


23 


20 





SOURCE: National Sdoncet^oundallon, "Sclenllflc and Tiwhnlcal Personnel In Private Indus- 
-\f^-f^eviews-ef-9etB^-Selene^^e90tir^s-{^Q f 7 B- 30 g)r-pr-4: ^ 



Soo figure 5^3 . Science Indfcniors— 1 978 



'Hibla 5^4. FulMlma-aqulvalant'aclantlata and anglnaara amployad In JR AD by aaotor: 

1954-1979 

(In thousands) 



1954 
1958 . 
1961 . 
1965 . 
1969 

1970. 

1971 . 

1972 . 
1973. 
1974 . 

1975. 
1976 . 



Year 





Federal 




Universities 




Nonprofit 




Qovern- 




and 




organiza- 


Total 


ment^ 


Industry^ 


colleges 


FFRDCs^ 


tions 


237.1 


37.7 


164.1 


^5.0 


5.0 


5.3 


354.1 


46.0 


256.1 


36.$ 


8.1 


7.4 


425.7 


51.1 


312,0 


42.4 


9.1 


11.1 


.494.5 


61.B 


348.4 


53.4 


11.1 


19.9 


S66.6 


.69.9 


386.6 


68.3 


11.6 


21.2 


546.5 


69.8 


375.5 


68.5 


11.5 


21.2 


526.4 


66.5 


358.4 


6B.4 


11.5 


21.6 


518 5 


65.2 


353.3 


66.5 


11-7 


21.8 


517-5 


62.3 


357.4 


63.5 


12.0 


22.3 


525,4 


65.0 


369.5 


65.5 


12.J 


23.3 


534.8 


64.5 


362.6 


Vo.2 


12.7 


24.8 


549.9 


653 


372.4 


, 72.4 


13.4 


26.4 


571.1 


64.5 


390.1 


75.0 


14.0 


27.5 ' 


595.0 


65.0 


410.0 


77.5 


14.5 


28.0 


610.0 


65.5 


421.0 


80.0 


15.0 


28.5 



* Includes both civilian and military service personnel and managers of R&D. 
^Excludes social sclenllsls. 
. ^Federally Funded Research and Development Centers administered by universities. 

SOURCES: National Science Foundation. National Patterns of R&D Resources: Funds and 
Personnolin th^ United States. 1 963- 1 978-79 (NSF 78^3 1 3). p. 45. and National Patterns of R&D 
Resources: Funds and Personnel In the United States, 1953-1977 (NSF 77-310), p. 32. 



See figure 5-4. 
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Tib\% 8-8. Bmploy^d dootoral tbitintitU and theinMrt by primtry work aoflvKy : 

1973 and 1977 



1973 1977 

Primary work a$tlvlty " Numbar Percant Numbar Parcant 

Tj3tal . . . . .. .y ... . 220,400 100 284.200 100 

Rasaarch and dovalopmeni 97J00 44 124»200 44 

Basic rasaarch -^ . . ' 34.300 16 43,600 16 

Applied rasaarch . * 28.700 13 ,^"36.400 13 

Davalopmanl 8.600 4 13.500 5 

R&D management 26.200 ^ 12 30.700 11 

Teaching , 80.000 36 90,4p0 32 • 

Management or administration' 19,900 9 29.700 10. 

Consulting 4.100 2 ' 6,100 2 

Satas/protesstonaf^ervlcasTTT-rr: t:"-t— : 87I0O 4 ^^57200 8 — 

Other activities 7.000 3 12.800 5 

AdJvlty not reported 3.700 2 5,800 2 



^ Other than R&D rrianagernent. 
NOTE: Detail may not add tO'totals because of rounding. 



SOURCE: National ScioriCG Foundation! Detailed Statistical Tables, Characteristics of Ooc- 
toral Scientists and Engineers in the United States, 1977 (NSF 79-306). pp. 4-5. 

See figure 5-5 and table 5- 1 iri text. . » Science Indicators— 1H78 



Tible 5-6. Employed doctoral tclentlats and anglnMrt by lype of employer and Federal 

support atatue: 1973 and 1977 



1973 ■ 1977 



5> Employer typo and support status Number Percent Number Percent 

Total employed \ I ^20.400 1 00 284.200 -lOO 

Type of employer: 

Educational institutions 129.400 59 163.100 57 

Business and Industry , 63,400 24 -71,600 25 

Federal Government^ ^ - 20.200 9 23.600 8 

Nonprofit organizations 8,000 4 » 10.200^ 4 

- Hospitals and clinics 4.500 2 8.600 3 ' 

Other employers 4.600 2 5,800 2 

Employer type not reported 300 (^) 1 .400 (^h 

Federal support status: 

Receiving Federal support 1 03.400 47 1 1 9.600 42 

No Federal support 108.300 49 152.700 54 

Support status unknown 4.900 2 7,500 3 

Support status not reported 3.800 1 4.600 2 



Includes the military services and the Commissioned Corps. 
^Less than 0.5 percent * 

NOTE: Detail may not add to totals because of rounding. ' 

SOURCE: National Science Foundation. Detailed Statistical Tables. Characteristics of Doc- 
toral Scienti$fs and Engineers in the United States, 1977 (NSF 79-306). pp. 5. 22 and "W6rk 
Activlii0S-o(#pctoral SoletHlsts and Engineers Show Substantial Change between 1973 and 
1977," Sci^^^-'nesources Studies Highlights, National Selene^ Foun'Hatlon (NSF 78-316). 

See figure 5-6. Science lndicators-T:.1 978 



Dibl«*B-7. Number ot •iiptrl«no«4^ tolMllttf and tnglnMrt •mploytd In nontoUnot or nonanolnMrlng \ob% by (l«ld and 

rtaaon for non-8/e •mploymont: 197i 

?a ■ 





Ihtnl in 




Prnmnfiwl 




LooatlonkI 


Bellftve 8/E 


Othar 


RiiAson not 


Field 


hon-S/E 


non-S/E 


out 




pret^ronos Job not avail, reasons 


reoorted 


AD S/E's In nonsG^ence/nonenglneering 


34;&61 


7.959 


10.276 


2.650 


2.016 «E 


3.607 


6.198 


2.366 ^ 


Physical scientists 


1.368 


308 


• 656 


• 29 


25 


138 


103 


80 


Mathematical scientists 


1.358 


205 


287 


80 


276 


63 


431 


26 


Computer specialists 


1.285 


491 


311 


70 


84 • 


61 


184 


94 


Environmental scientists' 


371 


142 


49 


26 




10 


119 


26 


Engineers 


19.447 


2.866 


7,704 


1,654 


803 


2,710 ■ 


2,893 


827 




2.913 


1.104 


600 


424 


139 


141 


280 


326 




2.111 


769 


210 


134 


80 


64 


612, 


24^ 


Social scientists 


6.108 


2.024 


560 


234 


609 


340 


1,576 


766 



* Those who were In the labor force at the time of the 1970 Census of Population. 
'Includes earth scientists, oceanogfaphers. and atmosphfiric scientists. 
^No cases reported 

SOURCE: National Science Foundation, unpublished data. 
Soo tabl9 5-2 in text 
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Iteble 5-8. Average annual unemployment ratei: t963*77 

(In percent) 



Year 



Tbtal 
labor 
force 



1963 5.7 

1964 5.2 

1965 4.5 

1966 3.8 

1967 3.p 

1968 V 3.6 

1969 3.5 

1970 4.9 

1971 5.9 

1972 5.6 

1973 4.9 

1974. 5.6 

1975 8.5 

,.1976 , 7.7 

1977 7.0 



Professional 
and technical 
workers 



1.8 
1.7 
1.5 
1.3 
1.3 
1.2 
1.3 
2.0 
2.9 
2.4' 
2.2 
2.3 
3.2 
3.2 
3.0 



Total 



Scientists^ 
Doctoral 



Total 



Engineers 

Doctoral 



NA 
NA 
NA 

.4 
NA 

.9 
NA 
1.6 
2.6 
NA 
NA 
2.2* 
NA 
4.0 
NA 



NA 
NA 
NA 
NA 
NA 

.5 
NA 

.9 
1.4 
NA 
1.2 

nA 

1.0 
NA 

1.3 



1.2 
1.5 
1.1 

.7 

.6 

.7 

.8 
2.2 
2.9 
2.0 
1.0 
1.3 
2.6. 
2.0 
1.3 



NA 
NA 
NA 
NA 
NA 
NA 
•NA 
NA 
1.9 
NA 

.8 
NA 

.7 
NA 

.6 



SOURCES: Department of Labor, Employment and Itaining Report of the President 1978, 
p. 215; Bureau of Labor Statistics, unpublished data; National Serened Foundation, American 
Science Manpower (biennial series. 1964-1970) and unpublished data; National Science Foun- 
dation. Characteristics of Doctoral Scientists and Engineers in the United States (biennial series. , 
1973-1977); National Science Foundation. Detailed Statistical Tables. U.S. Scientists and - 
Engineers. 1976 (NSF 79-305); and National Science. Foundaitlon, Unemployment Rates and ^ 
Unemployment Characteristics for Scientists and Engineers, 1971 it4Sf 72-307). p. 1 1. 

See figure 5-8. ^ Science Indicators— 1978 




Tkiblt 5-0. Un«mploym«nt rm\%% for tngliiMrs i« a p«rc#nt of ttio rottt for jkrof«»tlon«l, 

ttohntoaljn<LktndgtdJMOChtri; 



Unerhployment rates ^ 

(Percent) Er^glneere' unemployment 

„ — ^ -j: rate as a percent of 

Year ' Engineers RTK' PTK unemployment rate 



1967 0.6 ' 1.3 46 

1966 07 1.2 56 

1969 0.6 1.3 ; 62 

1970 2.2 2.0 / 110 

1971 2,9 2.9 ' 100 

1672 N... 2.0 2.4 63 

1973 1.0 » 2.2 45 

' ^1974.., 1.3 2.3 • 57 

1975...;^..^ 2.6 3.2 81 

1^76..,.. 2.0 3.2 62 

11977 1.3 .3.0 43 



" Professlonat, technical and kirtdred workers. 

SOURCES: Bureau of Labor Statistics and National Science Foundation. unput>H8hed data; 
U. S. Department of Labor, EmpJpyment and Itaining Report of the Pres/denf, 7978, p, 21 5. 

S9& figure 5-9. Science Indicator s— 1 978 




Table 5-10. Number ot doctorfil ifclentlttt and englheera by field and employment etatut: 1977 



Latx)r force ^ ' 
Employpd 

In post- Unemployed Outside 

Not In doctoral and seeking the labor 



Finlrl 


Total 


Total 


Total 


InS/E' 


S/E 


appointments 


employment 


force 


^ All fields 


303.300 


287.500 


274.500 


^2^1 .600 


22.900 


9,80^ 


3,300 


1v5,700 




62.100 
40.600 
21.400 


58.200 
37.800 
20.400 


54.900 
35.800 
19.100 


48.800 
31,800 
17.000 


5.700 
' 3,900 
2.100 


2.600 
1.690 
1,000 * - 


• 800 
50Q 1 

300 


3.800' 
2.900.. 

\ ,OUU 


Mathematical scientists 

MalhemaliCieins . . 

Statistician? 


15.400 
I3i700 
1.700 


14.700 
- 13:000 
1.700 


14.500 
12.800 
1.700^ 


13.500 
11.800 
1.700 


1.000 
900 


100 

-100 ■ 

{') 


200 
200 


700 
600 


Cornputor specialists 


. 5.800 


5.800 


5.700 


5.600 


100 




(') 


100 


Environmental scientists — 

Atmospheric scierttists ^, 


13.600 
10.200 
1.600 
1.700 


13.100 
9.800 
1.600 
1J00 


12.700 
9.500 
1.500 
1,600 


12,200 
9.100 
1,500 
1.600 


^00 
400 
(^) 

.(2) 


400 
200 

100 


100 
100 

(^) 

(') 


400 

Af\n 

(') 




«»6.600 


45.300 


44.600 


42,100 


2,600 


400 


300 


f\200 


Medical scientists — 


78.300 
46.800 
16.000 
16.500 


V2,900 
.43,000 
14,400 
15v60p 


66.700 
38.100 
14.100 
14.500 


62.900 
35,400 
13.500" 
. 14,000 


3,800 
2.700 
■^^ 600 
400 


5.200' 
4.100 
200 
1.000 


1.000 
800 ' 
100 ' 
100 


5.400 
3.800 
700 
900 




35.700. 


34.100 


33.200 


, 30.800 


^ 2,400 


600 * 


' 400 


1.600 


Sociologists and anihropologlsts . 


45,800 
11.701) 
10.400 
23.800 


43.30t) 
10.800 
9^00 
22,800 


42.200* 
10.700 
9.300 
22,200 


35,600 
8,800 
8.600 

18.300 


6,600 
1,900 
900 
3.900 


^0 

100 
200 
300 


600 " , 

too 

300 

5oo 


2,500 

aoo 

. 600 
- 1,100 



^No cases reported. 
2Lessthan50. 



NOTE: Detail may not add to totals because of roupdipg. . ^ . 

SOURCE: National Science Foundation. Detailed Statistical Tables, Characteristics of Doctoral Scientists and Engineers in ttie United 
Stefes, ^977 (NSF 79-306). based on pp. 24-26. . ^ ' 

See figure 5-10. • . ^ ' Science lndlca^ors-1978 



Dibit 5 11. IVantltlon of 1975 8/E bachelor s 

and master's degree recipients from school to worit: 

1976 • 



Status In 1976 



Unemployed and seeking . 
Not in the labQf force 




Bactmlor's 


Master's 


degree . 


deyree 


re<)lplents 


recipients 


614,000 


108.500 


H4.600 


20.600 


406,800 


81,000' 


181.900 


62.700 


224,900 


18.200 


63,500 


6.900 


37.80b 


3.800 


2fc JOO 


3.100 ' 








SOURCES: NatldrtST Science Foundation, "Employment 
Patterns of Recent thttants into Science and Engineering." 

7ews o^ Data on Science Resources (NSF 78-310). pp. 2, 
1o. 11; and gnpubllshe^d data. ' ' . . 

NOTE: Detail m&y not add to totals because of rounding. 

See figure 5-1 1 . Science lndlcators--1978 
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Ilibl^ 8-12. MmM •mploymtnt oharaoUrlttlot of •mploy«d 1974 and 1975 bach«lor*t and matt«r*9 dtgrM raolpknts^ In •cl«nc« and 
^ anglnMrlng, byllaldof«tudyfndMx:1976 



Bachelor's de^ee 
Total ert)ployed 'Employed In S/E 



Mas ter's degree 



Flel(i of study 



All fields^. 



Total Men Women 
1^,800 283,600 1 23,200 



Total Men Women 
18)^ 146700 36,200 



Total employed 
Total Men ,Womafn 

T^ooo ie^ioo T uj^ 




62,700 ^ 



1/7.2 



Physical sciences 1/7,300 

Ctiemlstry 9'500 

Physics and astronomy 3,600 

Other physical sciences . . /. 4.200 



14,300 
7,500 
3,400, 
3,400 



Environmental sciences* 4,600 3,800 

Mathematics 29.400 18^ 

Cpmputer sciences 9,000 6,800 

Enolneering ^ v * 83 200 81,400^ 1,800 



3.100 
2,100 
200 
80Q 

-700 

11.400 
2.200 



10.200 
6,400 
2,300 
1,500 



8,400 
4,900 
*2.200 
1.300 



2,700 2,300 



13.500 
8,100 

69,400 



Life sciences — 60* 

Blotogy 55^500 

Agricultural sciences 25,000 

Social sciences 1 18,700 

E^xJhomlcs 18,700 

Sociology and anthropology * 54.400 

Other social sciences » . . , ... 45,600 

Psychology • • . 64,100 



57,000 23,400 40,000 
34,300 21.200 26.100 
22,700 2,200 \ 13.800 



72,100, 46,500 
15,400 3.300 



22,600 
30,200 



31,700 
11,506 

33,900 



22,300 
3,700 

10.400 
8,200 



8.700 
6,100 

67,800 

28.600 
Itf,2p0 
t2|400 

14,500 
3;'400 

• 4,900 
6,200- 



1,900 
1,500 
200 
200 

:4oo 

4,8bd 
2,000 

1.600 

11.300 
9,900 
1,400 

7,900 
300 
5,600 
2,000 



15,600 9,300.^ 6,300 



9.700 



6,300 
3,000 
■ f,40O 
1,900 


5,100 
2.300 

1,400 


1,100 

,700 

/400 


• 4,000 
2,400 
1,000 
600 


3,200 • 
1,800- 
1,000, 
400 


800 
600 

(') 
' 200 


1,400 j 

5 700 1 • 
4,100 


1,100 


- 300 


, 1,200 


1,000 


ioo 


4,200 
3!400 


1,400. 
600 


3,200 
3,500 


2,300 
3.000 


800 
500 


27,500 


28,700 


* 800 


25,600 

V 


24,900 


700 


13,300 
9,600 
3.700 


9,800 
^,600 
3,200 


3,500 
3,000 ' 
500 


10,100 
, 7,200 - 
^,900 


7,600 
4,900 
2,700 


2,500 
2.300 
...200 


■A 

13,600 
3.300 
4,000 ■ 
6,300 


9,900 
2,900 
2,20Q 
4,800 


3,800 
400 
1,900 
1,500 


8.200 , 
2,20a 
2,900 
3,100 


6,000 
-1,800 
1,700 
2,500 


2,300 
400 

1,200 
700 


9,200 


6,000 


"3,300 


7,000 


5,000 


1.9«( 



^Excludea those enrolled full-time In graduate school In 197^. , " ^ ^* 

^ »Le88than50. . ' , . * ^ ' ' 

^^Ir^cludes earth sciences, oceanography, and atmospHerid sciences. 

.... ^V 

NOTE: Detail may not add to totals because of rounding. . ' , 

SOURCE: National Science Foundation, "EmploymiBnt Patterns of F<ecbnt Entrants Into Science and Engineering/' Reviews of Data on Science 
Resources (N8F 78-310), pp. 10-11. ^ ' ' ' , ^ ; ^ . 

^ ' * \, . ' • • ' ^ ^ ^ Sclencelndlcators— 197»- 

See figure 5'"12. * ' . ^ 




l^ble 5*13. Salarlts and earnings of RAD actanttatt and anglnaara, production workara, and mala profaaatonal and tachntoal 

workers: 1970-1«7e 



Median monthly salaries of Average hourly earning? Annual earnings of male 

scientists and engineers of production workers professional and technical workers 

Index Index Index 

Year Dollars M1$>70-100) Dollars (1970-100) Dollars (1970 100) 

1970 $1,437 100.0 $3.44 100.0 $12,255 , 100.0 

1971....... 1.512 105.2 3.67 106.7 12,518 102.1 

-t972T. : " " 1v57i " - ^f09;3^ 3:92 —114:0 i3;542 t10c5^ — 

1973 1.621 112.8 3.92 114,0 ' 14.306 116.7 

1974 1.729 120.3 4.22 122.7 14.873 121,4 

1975 , 1.852 128.9 . 4,54 132.0 15J96 128.9 

1.976 ' i:&63 136.6 , 4.87 141.6 , 16,939 138.2 

9 

NOTE: Earniiigs of professional and to<^fmlcal workers are for full-time, year-round employees. Earnings of production workers are for 
those on private (non-public) payrolls 

SOURCES Jndexes calculated by^NSF based on data \\\ Battelle Columbus Laboratories, hationaf Survey of Compensation P^aid 
Scientists arid Engineers Engaged In Research and Development Activities, i^74, 1975 and 1976, "ftible 25. p. X)b(iv: U. S. Department of 
Labor. Employmont and Training'Report of the President, 1976, p. 265: an^ U.S. Bureau of the Cehsus. Current Population ReportSr-series 
P-60. Nos 80. 85. 93. 101 . and 107 ^ " _ 

I \- " ''V 

See figure 5-1 3 ^ Science Indicators— 1978 



Table 5-14. Percent change In average monthly salaVy offers bachelor's degree 
candidates In selected fields: 1^73-74 to 1976-77. ^ 



Average monthly salary offers 



Curriculum 

Business 

Humanities 

^Social Sciences \ . 

Engineering 

Chemical 

' Civil * 

Electrical 

Mechanical 

Agricultural sciences ... 

Biological sciences 

Chemistry : 

Computer sciences 

Mathematics 



1973-74 


1976-77 


Percent Change 


$ 803 ' 


$ 927/ 


15 


691 


810 


17 


737 ' 


887' 




1.042 ^' 


U89> ■ ' 


33 


v967* >J 




23 


986 


1.245 


26 


r'l.ool 


1.286 ^ 


28 


785 


924 


18 


V 7?0 


882 


22 


884 


1.102 


,25 


915 


. .1,123 


, • 23 


874 


1,073 ^ 


29 



' Based on data in CPC Salary Survey. ^ ^ ./ 

SOURCES: CPC Salary "Survey. Final 7?epO(t July 1976 *and July 1978 (Bethlehem. Pa. 
College Placement Council), p. 3. ^ 



See figure 5-14. 



Science Indlcatdrs— 1978 



•231 



Rir / 



2U 



Prospvctive field of 



Tlibl* 5-15. T^«nd« In Qraduatf Rvcord Examination vtrbat and quahtltatlva t««t aooraa: 1070-71 to 1076-v77 



AptI 1970-71 
ludu 

typo Numbor Meat) 



SD 



1971-72 
Number Mean 



1972-73 
S.D. Number Mean 



SD. 



1973 74' . 
Number Mean S O 



1974-75 
Number Mean 



' 1975-76"' 



S.D, 



1976-77 
8.D. Number Mean S.D. 



Physical sciences q 

. ... w 

Mathematical sciences q 

.Engineering r . . ^ 

V 

Life sciences ^ 

Basic nooial sciences q 

Health profeMlons X 

Education .ff,. ^ 

Arts and humanities ^ 

Applied Social sciences ^ 

Other Consciences * X 



499 



415 



^65 



1.036 



2.085' V 



358 



.2,993 



2,686 



983 



8B0 



















ScioiKe fields 




















512 
650 


136 
106 


' 323 


500*. 
643 


104 
109 


474 


519 
646 


130 
105 


45H 


502 
646 


126 
113 


526 


508 
630 


133 
110 


11.402 


500 

623 


129 
115 


9.630 


514 
634 


119 
110 


* 517 

675 


141 
104 


248 


495 

673 


13*5 
91 


362 


510 
676 


131 

'96 


404 


513 
675 


139 


384 


506 
661 


126 
Vl04 


" 5.309' 


520 
673 


133 


5.643 


513 
666 


-136 
104 


444 

656 


132 
98 


or c 


446 

651 


122 
97 


544 

. .. 


455 
665 


132 
93 


573 


449 

663 


133 
1^ 




440 
649 


127 
103 


n Tin 


471 
654 


^132 
105 




462 ^ 
657 


100 


491 

556 


122 
120 


716 


491 

553 


122 ^'^? 


504 

. 570 


1 17 
116 


1,202 


508 
569 


121 
117 


1.347 


509 
568 


11B 

lie 


25,546 


506 
557 


115 
121 


24.216 


506 
558 


1 18 
119 


s,, 533 
? 630 


117 
116 


. 1 .570 


527 
526 


116 

120' 


2,176 


522 
521 


120 
125 


2.153 


625 

521 


119 
127 


2,165 


521 
516 


;t26 


27,962 


534 
526 


118. 
t23 


29,018 


526 
518 


721 
125 


















Nonsctenco fields 




















600 
496 


114 
119 


256 


502 
501 


106 
117 


376 


609 
508 


107 
120 


471 


506 
607 


113 

]^ 


697 


502 
613 


103 


f^1.f92- 


61V 
530 


164' 
118 




607 


lor 

120 


472 

462 


110 
120 


2.120 


46d 

457 


412 . 
119 


2.988 


'452 
450 


113 
119 


2.953 


449 " 
■442 


113 
120 




454 

445 


113 

, 120 


22,91^ 


' 469 


' 1T4 

120 


24,|P| 


1454 
^49 


7l3 
119" 


546 
494 


118 
118 


1.659^ 


534 
492 


117 
116 


2.571 


637 
493 


120 
122 


2.574 


541 
494 


125 

i;si 


^2.405 


542 ' 
490 


"121 
120 


35,257 


537 
494 


^22 
125 


33,848 


543 

5oe 


Tio' 

112 


4Mk^ 


113 
121 


694 


482 

476 


tlT 
123 


1.(j3e 


464 

475 


121 
-126 


1.160 


493 

477 


121 
1^2 


1 "^-^ 

1.SI70 


488 
464 


ue 

123 


40.061 


471 
461 


118 
125 


30,369 


477" 

465 


120 
125 


496 
498 


124 

123 


580 


490 

500 


124 s 
119 


/9ei 


501 

502 


185 
121 


917 


498^ 
495 


124 

126 


901 


A fie 

498 


125 
126 


11.246 


507 
509 


123 
127 


12,229 


498 

510 


126 
129 


standard deviation. 










1 



























NOfe: V verbal.'Q r. quantitative, iihd S.D. 

SOURCES: Data for the years 1970 71 thru 1974-75 are from a one-in -fifteen sampie'sludy of examinees of those year^. See Robert F. BoKtti 7^ends In 
AptitOch 0/ Wi(/ua(e Students In Sc/ence (Princeton, N. J . : Educational lasting Service. 1976). p. 20. Mean scores and standard deviations for 197576 and 
1076^ WM dlilcul^ted by NSF from ur>publlshed tabulations furnished by the Educatlormi Testing Service, based on the test results of a high proportion of all 
sxatt M ie ^ f those years. 



See figure 5-15. 



* Science IndlcatoHl— 1976 
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Tkbl* 5*16. Number of doctoral tcientlttt and tnglnaara by typa of amploytr^nd ao«: 1977 



i 












Age 










lype o.T eiTipioyor 




uncier ou 










\}\J OH 




60*64 


' 0\/Ar 64^ 


Total 


303.300 * 


' 8.900 


55,500 


68.800 


46.300 


v38.7b0 


32,000 


23.800 


\1 4.800 


i4.6o6" 


Business and Industry 


71,500 


1.800 


13,600. 


18,20Q 


11.400 


9,000 


7.300 


5.600 


*3.100 


1.600 


Educational Institutions . . . , 


163.100 


5.400 


30.100 


37,200 


25.800 


22.200 


17,900 


13.100 


7.700 


3.600 


4-year colleges/universities — 


166.500. 


5.300 


29.000 


35:500 


24.800 


21.400 


17.100 


12.500 


•7.400 


3.600 


. Other educational institutions^i. . 


6.600 


100 


1,100 


1.700 


^ 1.000 


800 


800 


600 


300 


100 


Hospitals and clinics .* 


8.600 


300 


2,800 


1,900 . 


1,200 


900 


1.000 


.600 


300 


100 


Nonprofit brganizatipns 


10.200 ^ 


400 


2.000 


< 2.500 


1.400 


1.200 


1.100 


800 


400 


400 




29,000 


600 


5.300 


• 6.600 


5.100 


4.100 


3.400 


2.100 


1.200 


600 




23,600 


400 


4.200 


5,400 


4.300 


3.400 


2.800 


1,800 


900 


400 


State 


p.eoo 


100 


800 


900 


> 600 


500 


400 


200 


200 


100 


Other government 


1.500 


100 


300 


300 


200^ 


200 


200 


100 


100 


100 


Other employers < . . . 


600 


(') 


100 


200 


100 


100 




(') 






Employer not reported 


1.300 


(^) 


100 


200 


200 


100 


200 


20Q 


200 


200 


Not employed 


19.000 


400 


1.900. 


2.000 


1.100 


1.000 


1,000 


1,300 


1,900 


8,300 



^3 



' Includes 490 not reporting age. 

^Includes the military services and the Commissioned Corps. 



^ Fewer than 50. 



NOTE: Detail may not add to totals because of rounding. 

SOURCE; National Science Foundation. Detailed Statistical Tables. Characteristics of Doctoral Scientists and Engineers in the United\^tates, 
1977 (NSF 79-306). p 27. - ^ ' 

/ See figure 5' 16, ^ . Science lndicators^1978 

Table 5-17. Number of doctoral scientists and engineers by primary work activity and age: 1977 



Pnrnary work activity - Total 

* Total 303.300 8.900 

Research and development . . 1 24,100 • 4.800 

Basic research 43.500 2.800 

Applied research 36,400 1 .400 

Development 13.500 400 

r^anagement of R&D 30.700 200 

f^anagement and administration .. 29,800 100 

Teaching.': 90,400 2.400 

Report Writing v 5.400 ^ 20Py>, 

Consulting 6.100 lOtf 

'Production and inspection ^ . . . 2,200 100 

Sales/professional services . 15,200 600 

Other activities 5.200 - 100 

Activity not reported 5,800 20P 

Not employed 19,000 400 



^ Includes 490 not reporting age. 
2 Fewer than 50. 

NOTE: Detail may not add to totals because of rounding. 



Under 30 30-34 35-39 40-44 



55,500 
28.200 
1 2,700 
8.900 
3.300 
3.300 

2.600 
15.200 

800 
1.000 

600 
3.400 

900 

900 



68.800 
30.700 
10.300 
9.000 
4.200 
7.200 

5.700 
21.500 
1.200 
1.400 
600 
3.360 
1.100 
1.100 



1.900 2.000 



46.300 
•19.900 
6.300 
5.700 
2.200 
5.700 

0.200 
14,400 
800 
900 
300 

2,000 
800 
700 

1.100 



Age 

46-49 

38.700 
15.300 
4,500 
4.400 
1.400 
5.000 

5.100 
12,700 
700 
600 
200 
1 .9.00 
600 
600 

.1.000 



50-54 55-59 60-64 Over 64^ 



32.000 
11.700 
3.300 
3.000 
1.000 
4,400 

4,800 
10,100 
600 
600 
200 
1.700 
700 
700 



23.800 
7.900 
1.900 
2.500 
600 

.2.900 

3,500 
' 7.500 

500 
■ 600 

100 
1 .300 
• 400 

600 



14,800 
4,300 
1,300 
1,100 
400 
1,500 

1,900 
4.500. 
.300 
500 
100 
600 . 
400 
" 400 



1,000 1.300 1.900 



14.600 
1.600 
500 
. 500 
100 
500 , 

700 
2.0CI(^ 
300 
, 500 

{') 
500 
200 
400 

8.300 



SOURCE: National' Science l^oundatlon. Detailed Statistical Tables, Characteristics of Doctoral Scientists and Engineers In the United States, 
;977i (NSF 79-306). based on p. 33. ' ' * 



See figure 5-17. 
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Tlibl* 5-18. Primary work activity^ of 1971-74 dootoral raclpltnta In •oltne* and anglnaarino 



>rt»ar of doctorate 



Primary work activity Number Percent 

Total 17,200 . 100^ 

Research and development , 7,900 46 

Basic research 3,700 t 22 

Applied research 2,700 16 

Development 1.000 ^ 6 

Management of R&D 500 3 

Teaching » 6^200 36 

Management and administration . 600 4 

Consulting 300 . 2 

Sales/professional services 700 A 

Other activities 600 3 

Activity not reported 900 ' 6 



197? 



1973 



1974 



Number 


Percent 


Number 


Percent 


Number 


^Percent* 




~ 100 


16,400 


100 


17.300 


too"~^ 


7.700 


46^ 


8,000 


49 


8.800 


6-1 


3,600 , 


22 


3,800 


*23 


4,100'' 


24 


2,700 


16 


2,400 


15 


3,000 


17 


900 


6 


1,000 


6 


1,100 


6 

• 


500 


3 


700 


5 


700 


4 


5,900 


38 


5,600 


d4 


5,400 


31 


600 


>. 4 


700 


4 


600 


3 


. 300« 


2 . 


300 


' 2 


300 ■ 


2 


800 


4 


1,000, 


' 6 


1.200 


7 


500 




600 


3, 


700 


4 


1,100 


6 


■' 300 


2 


300 


2 



^* Reflects employment In spring follovt^lng year of doctorate. 
NOTE: Detail may not add to totals because of rounding. 
SOURCE: National Science Foundation, unpublished data. 
See figure 5-18. 
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^able 5-19. Employed scientists and engineers by field and sex: 1976-1977^ 

. (In thousands) 



_ _ Field Total Men Women Total Men Wpmen V 

All fields 2,377.2 2,180.0 197.2 284.2 256.7 ' 27.5 

Physical scientists 227.4 ' .207.5 19.9 57.4 54.5 2.9 

Mathematlcallclentlsts 88.3 . 72.7 ^ 15.6 14.6 13.6 1.0 

Computer specialists 172.3 ^ 138.7 33.6 5.8^ 5.6 .2 

Environmental scientlsts^\ 74.8 71.1 3.7 . 13.0 12.6 .4 

'Engineer^ : " 1.240.7 1,234X1 6.7 45.0 , '44.7 .3 

Life scientists 277.5 226.1 ,51.4 71.9 62.9 • 9.0 

Psychologists..... ^ 97.8 76.7 21.1 33.7 26.1 7.6 

Social scientists 198.3 153.1 ^ 45.^ 42.7 36.7* 6.0 

[ ' ■ ' 

■■- ■ - ■ ■ 

^ Comparable data are not available for the same years for each group. . r 

2 Includes erarth scientists, oceanograp^^rs, and atmospheric scientists.^ 

NOTE: Detail may not add to totals because of tounding. 

SOURCE: National Science Foundation. Detailed Statistical Tables. U. S. Scientists and Engineer^: 1976 
(NSF 79-305) based on p. 14; and National Science Foundation, Detailed Statisticaf Tables. Characteristics 
of Doctoral Scientists and Bngineers in the Ut^iited State's. /977 (NSF 79-306) based on pp. 24-26. 

See figure 5-19. . - * / *^ Science lndlcatorS'r-1978 
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l^blo 5-20. Median annual lalarlet of fiilMlme doctoral aclantlatt and englnMrt^ by flald, tax, and raca: 1077 



Sox 



Fiold 
All (iqids . . 



Physical 5)cionlisls 

CheiTiisls 

PhysicislS/nslronomors . 

Mflthomallcal sciontisls' . 
Mathematicians . 
Statisticians 

CofwputGr specrahsts . . . ^ 

Envirofimental scientists . 

Earth scientists . • 

Ococujographers 

Atmospheric scientists . 

Engineers 

Life scientists . . . 

Biological scientists 

Agricultural scientists . . 
Medical scientists . 

Psychologists 

Social scientists 

Economists . 

Sociologists/pnthropol . 
Other social scientists . . 



Total 
$25,600 



Men 
$2^000 



Woman ^> White- Black 
$20,700 $25,700 $23,800 



Race 

Amorloan 
Indian 



Asian 



$23,900 $23,800 



Not ~ 
reported 

$25,700 



26.600 
26.600 
26.500 


26.800 
27.000 
26.600 


. 2V200 
20.900 
23.100 


26.800 
26.900 
26.700 


23.900 
24.200 

(^) 


(^) 
(') 


23,300 
23,200 
23,300 


26,500 
26.000 
27.300 


23,300 
23.100 
OK inn 

25.800 


* 23.600 
23.400 
9«N /inn 


^19.900 
19.900 
iQ f)nn 


23.400 
23.200 


23.200 
22.800 

\ ) 


(^) 

\ } 


22,100 
^2.500 

\ ) 


23,100 
23,100 

\ ) 


26.100 


20.800 


26.500 


,2)*.: I 


{') 


21.200 . 




25.800 

25.900 

24.100 

28.300 
t 


26.000 
26.000 
24.400 
.w 28.900 


13.700 
20.000 
19.200 
19.200 


25.900 
25.900 
24.100 
27.800 


(^) 

{') ■ 
(^) . 


{') 
(') 
{') 

{') , 


23.500 
23,500 

22.709 


30.800 
29,100 

{') 

{') 


-28.600 


28,700 


22,900' 


29,300 


28»6q<) 


{') 


, 25.000 


27.800 


24.700 
23.800 
24.800 
28.000 


25.100 
24.300' 
24.900 
28.900 


21.000 
20.500 
20.200 
22.800 


24.800 
23.900 
25.000 
28.300 


24,800 
24.700 ' 

26.900 


22,500 

{') 

(^) ^ 
(') 


. 22,600 
22,100 
20.600 
25.400 


24.600 
23,600 
25.300 
26.500 


24.100 


24.900 


20,600 


24.100 


21.500 


22.300 


24.400 


25,700 


24.100 
27,000 ' 
22.200 
23.200 


24,700 
27.500 
22.900 
23.900 


20.200 
23.600 
19.700 
19.800 


24.100 
27,000 
22.200 
^3,300 


22,900 

^ (^) 
23.200 
22,700 


(') 
{') 
{') 
{') 


22,900 
25.9C|0 
22.200 
21,100 


24.900 
28,300 
22,600 
24,500 



' Excludes the military services and the Commissioned Corps. 

Fewer than 20 individuals in a sample reported Isalary; therefore, no national estimates could be made. 

SOURCE: National Science Foundation, Detailed Statistical Tables. Characteristics of Doctoral Scientists and Engineers in the United 
States. 1977 (NSF 79-306). p. 50. 



See figure 5-20. 
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Ikblf 5-21. Median annual salarlttt of full-tlma doctoral 
tc»am»at»^ntHing»ne#i^H>y^iO«^n<Hi«JH-W7^ 



Age ^ 


Total 


Men^ 


Women 


T Total 


$25,600 


$26,000 


$20,700 


Under 30 


" 18.500 


18,700 


17.400 


30-34 


20,400 


20.600 


18,400 


35-39 


23,600 


24.000 


20.000 


40-44 


2(5,500 


26.800 


21,700 


45-49 . . ; 


29,200 


29»700 


23,100 


50-54 : . . 


30,900 


31.400 


24,700 


55-59 


31.600 


32^200 


24.20CP^ 


60-64 


31,400 


31.900 


25.000 


Over 64 


31.200 


31.900 


25,100 



' Excludes the military services and the Commissioned 
Corps. 

S6URCE; National Science Fecundation. Detaiied Statistical 
- Tables. Characteristics of Doctorai Scientists and Engineers in 
the United States, 1977 (NSF 79-306), p. 51-, and^npubllshed 
data. 

See figure 5-21. Science Indicators— 1978 
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Hibltf 5^22. Biohvlor'a dtgrMt qrantvd to womtn • p^rctnt of t6t«l b«oh#lor'» dogroti by Koldt 19M-1976 



Your 






Physical 




Mathematical 


, ' Ule 


Sodal 


1 S/E fields 


aclencos^ 


Engineering , 


BClericed* 


sciences 


sciences' 










........ ... 


— — jr. ^ 






• Womon as percent of total 






22.0. ^ 


14.1 


0.4 


32.0 


23.8 


33.8 


22.8 


13.6 


.4 


33.2 


23.0' 


34.4 


23.4 


lie 

13.5 


.5 


34.1 


22.7 


34.5 


25,2 


13.8 


.6 


36.7 


23.3 


36.1 


25.8 


13.7 


.8 


36.6 


23.2 


36.7 


26:1 


13.8 I 


.8 


36.1 


^2.8 


37.0 


26.9 


14.0 


.8 


36.0 


22.0 


38.3 


27.6 


15.1 


1.1 


35.9 


23.7 


38.6 


28.4 ,^ 


15.0 


1.2 


36.3 


24.5 


39.5 


30.1 


16.6 


1.6 


36.6 


26.1 


41.2 


31.6 


18.4 


2.1 


37.0 


28.6 


42.^ 


32.7 


19.2 


3.7 


353 " 


30.8 


44.2 






Number of women recipients 






3^13 ' • 


2,532 


139 


6,453 


8.277 


18.812 


39.482 


2,333 


146 


6.702 


8.464 


21.837 


44.002 


•2.402 


184 


7.334 


8.948 


25.134 


53.463 


2,674 


n 211 


8,841 


10,091 


31.046 


63,196 


2.952 


313 


10,348 * 


11.308 


38,275 


68,878 


2.969 


338 


10i5l6 


11,875 


43.180 


72,996 


3,014 


365 


9.818 


11.803 


A ^ Af\A 

47.996 


77,671 


3,148 


501 


9,784 


12.694 


If 4 liA A 

51.544 


83.839 


3,121 


580 


9,985 


- i4,&70 


55.563 


91.793 


3,536 


706 


9.719 


17»636 


CO AAA 

59,996 


93,342 


3.838 


860 


8,656 


20.811 


59.177 


95,597 


4,139 


1,443 


7,678 


23.789 


58.548 






Total recipients 






164,936 


17,916 


36,795 


i9,66€( 


34.842 


55.715 


173,471 ^ 


, 1-7.186 


35,815 


20,182 


' 36.864 


63,424 


187,849 


17.794 


36.188 


21.530 


39,408 


72,929 


212,174 


19,442 


37.614 


24.084 


43.260 


87,774 


244,^519 


21,591 


41,553 


28.263 


48.713 


104.399 


264.122 


21.551 


44,772 


29.109 


^ 52.129 


116,561 


271.176 


21.549 


46,387 


27.306 


51,461 


125,473 


281,228 


20.887 


46.003 . 


27,250 


53.484 


133.604 


295,391 


20,809 


' 46,989 


27.528 * 


59.486 


140,579 


305.062 


21.287 


43,530 


26,570 


68.226 


145,449 


294.920 


20,896 


40,065 


23,385 


727^10 


137>864 


292,174 


, 21.559 


09,114 


21.749 


77,301 


132,451 



f 



^ Includes environmental sciences (oarth sciences, oceanography, and atmospheric sciences). ' 
includes computer sciences. ' * 

^Includes psychoiogy. , * 

SOURCE. National Center for Educatior> Statistics. Earned Oogroes Confefred, annual series. Degrees have been classified on 
the basis of the NSF taxonomy 



See figure 5-22. 
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i-gd. 8oUno« and •hgtnaaring doctoral dtgrm^ riolpltnit by tiald and mx; 

1M5-1077 



Year 



All 
S/f 
tfolds 



Mathe- 
mattottl 

sciencGs^ 



1965 10,477 

1966 4- 11,456 

1967 ... 12.982 

1968 14.4,11 

1969 15.949 

1970 17.731 

-1^^1:^^ : t : t t .--t^ -16^880 

1972 18.940 

1973* 18.948 

1974 18.316 

1975 18.352 

1976 - 17.872 

1977 17.373 



1965 744 

1966 -^911 

1967 1.086 

1568 1 .295 

1969 1.47, 

1970 1.6; 



Physlcnl Engl- 

sciencos^ neoring 

All S/f doctoral degroe roclplonts 

2.865 , 2.073 

3,058 2.299 

3,502 ^ 2.603 

3.667 2.847 

3.910 3.249 

4.400 3.432 

4^494 9f49&"" 



Life 

sclonccis 



1971 
1972 
1973 
1974 



1975 ..V: i 2.838 



1976 
1977 



1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 . 

1973 

1974 

1975 , 

1976 

1977 



i 



1.92& 
2.101 
2.446 
2.690 



2,986 
3.103 



4,226 
i016 
3.696 
3.61 1 
3.442 
3,410 



J 27 
132 
161 
185 

205 
243 " 

244 
269 
257 
260 
284 
296- 
g03 



3.475 
3.339 
3,144 
2.959 
2,791 
2.641 



7 

6 

9 
12 
10 
15 

16 
21 
45 

34 
50 
53 
74* 



Women 



50 
48 
48 
47 
56 
77 

;96 
^6 
119 
115 
110 
113 
12B 



263 
326 
4Qt 
483 
537 
536 

656 
680 
795 
784 
863 
870 
845 



Women as percent of total 



sciences^ 









769 


2.712 


2,618 


830 


2.967 


3.080 


970 


3.501 


3.426 


1.064 


3;796 


3,930 


1.222 


4.163 


^ 4.514 


-1,536 - - 


~ 47633 


"5.1^ 


1,281 


4.505 


5,463 


1.222 


4.574 


5,798 


1,196 


4,407 


5.873 


1.149 


4.540 


6.093 


1,003 


4,480 


6,166 


959 


4.266' 


6.097 



297 
-397 
467 
668 
664 
• 753 

917 
1,035 
1.230 
1.397- 
1.531 
1,654 
1,753 



7 " 


4 




7 


10 


13 


8 ' 


4 




6 


.12 


15 


8 


* 5 




6 


14 


15 


9 


5 




5 


14 


17 




5 




5 ■ 


14 . 


17 




6 


■ (^) 


• 6 


13^ 


17 


10 


5 




8 


14 


18 


11 


6 


1 


7 


15 


19 


13 


6 


1 


tp 


17 


21 


14 


7 


1 


10 


18 


24 


15 


8 


2 


10 


19 


25 


17 


9 


2 


11 


19 


27 


18 


9 ^ 


.3 


13 


20 


29 



^ Excludes first-professional degree^ such as M.D.. D.D.S., D.VM.. and. J.D. 
2 Includes environmental sciences (earth sciences, oceanography, and atmospheric 
sciences), 
5 Includes computer sciences. 
^ Includes psychology 
8 Less than 0.5 percent. 



4^ 



SOURCE: NationaPAcademy of Sciences, Doctorate RecipiMts from U. S. Universities. 
annual series. Degrees are classified on the bavSis of the NSF taxonomy 

. See figure 6-23, , Scioncelndlctif&rs 
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J^b\% 5-24. Employed 1974 and 1975 8/E bachelor's d#grM raolplanta working In •clonc# and anglnttrlng by flald 

of study and aax: 1976 * ' ' A 



Total emplpyed 



Number 



Percent 



Field of study 



Life sciences 
Social Sclenci 
Engineers . , . 



Men 


Women 


Men 


Women 


Men 


Women 


283,600 


123,200 ^• 


146.700 


' 36.200 




29 


18.100 


3,800 


10,700, 


2,300 


59 


61 ^ 


24,800 


13.600 


14.700 


6,800 


59 


.50 


57,000 


23.400 


28.600 


- 11,300 


, 60 


48. 


102.300 


80,400 


23.800 


14,200 


24 


18 


81,400 


1,800 


67,800 


1,600 


83 


89 



^ Includes environmental sciences (earth sciences, oceanography and atmospheric sciences). 
^^Includee computer sciences. 
Includes psychology 

SOURCE: National Science Fount^Shon, "Erhployment Patterns of Recent Entrants into Science ahd Engineering." 
Reviews of Data on Science Resour^s (NSF 78-310), p. 10. 

See figure 5-24. *• Science Indicators— 1978 
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Hibto 9-2B. Number anci p«ro«nt of tcUntlttt and anglnaara by flald and minority gi'bupa: 1976 



All sdentlals Tbtal mlnortlles^ Blackti . _ J_ Other mlnoritle8| 

Field and engineers Number Percent Number Pej^cent Number Percent Number' Pj»rcant 

^Allllelds 2,705.800 112,200 4.1 40,400 1.6 45.400 1.7 2«.400 1.0 

Engineers 1.976.200 47.900 3.6 12.000 .9 23,000 1.7 12.300 .9 

Mathematical scientists 110.200 4.900 4.4 2.700 2.5 1.600 1.5 ^ 600 .5 

Computer specialists 179,900 8,100 4.5 3.700 2.1 3,700 2.1 700 ,4 

Lit© scientists 314.100 12,000' 3.8 3,600 1.1 4,100 1.3. 4,300 1.4 

Physical Sndenvlronmental' scientists 366.300 15.400 4.2 . 4.500 1.2 6.300 , 1.7 4,600 1.2 

Social scientists and psychologists 360,100 23.800 6.6 13.200 3.7 6.700 ^ 1.9 3.900 1.1 

^ ,^ ' — — 

.... . • . . . 

' ^ Includes approximately 9.500 not responding to this question. ^ ' . 
^ Included earth scientists, oceanographers, and atmospheric scientists. 

NOTE: Detail may not add to totals because of rounding. . f . ■- 

SOURCE: Natiojial Science Foundation. Qetailed Statistical Ihbles. U. S. Scientists and Engineers: 1976 (NSF 79-305). p. 15. 

See figure 5-25. ^ * - Science lndlcator,v1976 

... ^ . 

7)gibla 5-26. Distribution of enoployed tclertllttt iinid englnMrt by field and telacted minority groupii: 1976 



All S/E's 




Blacks 




Asians 




Total employed 


Percent 


Total employed 


Pergent 


Total employed 


Percent 


2.377,100 


100 


3:J.ooo 




"rTu4T4D0 


100 ^ 


1.240.800 


52 


11.700 


36 


20.600 


50 


88,300 


4 


2.000 


.6 


1.100 


3 


172.300 


7 


3.500 


11 


3.600 


9 


-277.500 


12 


2.900 


9 


3,900 


9 


227,400 


10 


. 3.300 


10 ' 


5,400 . 


13 


74,800 


3 , 


100 


{') 


500 


1 


97.800 


4 


1,300 


4 


3.100 


7 


198.300 


8 


8.20^ 


26 


3,300 


6 



Field 



All fields 

Engineers 

Mathematical scientists . 
Computer specialists . . , . 

Lite scientists 

Physical scientists 

Environmental scientists^ 

Psychologists 

Social scientists 



^ Includes earth scientists, oceanographers. and atmospheric scientists. 
^Less than 0.5 percent. 



NOTE: Detail may not add to totals because Df rounding. . a . t 

^S^URCEiliallQna Statii^ticai Tables, U. S. Scientists and Engineers: 1976 (NSF 79-305). based on pp. 

E1^5eeflgure5:26. ^ V 

. , ■ ■ . 25:3 ■ ' 
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Jkb\% 5-27. Number of •olantItU and •nglnatrt by hlghatt Mrntd dagrat and 

fn^im group: 1976 : 



Highest earned 

degree Tbtal 

Total :.. 2.705,800 

Doctorate 286,400 

Master's 658,800 

Bachelor s 1,688.800 

Other^ 71.800 



V^lte . 


Black 


American 

Indian. 


Asian 


OWier* 


2,693,(500 


40,400 


2,600 ' 




23,800 


266,500 


3,000 


400 


14,800 


1»600 


631,500 


9,500 


400 


12.100 


5,100 


1.625,100 


27,300 


1,500 


18,100 


16,700 


70,500 


600 


300 


400 


200 



^ Includes approximately 9,500 not responding to this question. ' f 
^Includes professional medical, associate and other earned degrees. 

NOTE: Detail may not add to totals because of roundlnig. 

SOURCE: National Science Foundation. Dotailed Statistical Tables. U,S. Scientists. and En- 
ginoers: 1976 (NSF 79-305). p. 24. , 



See tabic 5-3 in text. 
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llibl* 9-28. Mtdlan annual salarlm of full-tlma amployad doctoral tclantlatt and anolnaara^ by flald and primary work activity: 1077 

' 1 ' 



Primary work activity 

. All activities . , $25,600 

Management and administration . 

Of R&D . 33,100 

Of non-R&D 



Sales and professional services 
Other activities/ 24,p00 



- All 


Physical 


Mathematical 


Computer 


^ Environmental 




Life 




Social 


fields 


scientists 


scientists 


specialists 


s<)lentl8ts^ 


Engineers 


scientists 


Psychologists 


scientists 


$25,600 


$26,600 


$23,300 


" $25iEK)0 


$25^800 


$28!6()0 ^ 


" $24,700 


$24,100 


$24,100 


31,900 


33,400 


29,900 


31,400 


31,400 


34,200 


31.300 


28.100 


29,900 


33,100 


34,300 


33.000 


33,100 


32,500 


34,500 


31.900 


30,6i00 


30.200 


30,200 


31,000 


29.200 


30.200 


30,400 


33.300 


30.20d 


26.800 


29.500 


32,200 


32700 


28.400 


32,100 


32,100 


34,800 


32.300 


29.400 


29.800 


25,600 


26,300 


25.800 


24,900 


25.800 


27.000 


24.100 


24,300 • 


24,800 


24,600 


25,300 


24,800 


26.900 


25.900 


27,700 


<?3.800 


23,000 


24.200 


26.300 


27.000 


27.700 


28,100 


25.700 . 


27,000 


"24,600 


25,200 


26.000 


26,ld0 


26,700 


25,500 


24.200 


25.700 


27.000 


23,500 


23,600 


20.600 


22.i500 


22,600 


21,700 


22.900 


22.400 


25,200 


22.500 


21,900 


22.300 


25.100 


25,200 


28.600 


{') 


'24.700 


27,900 


23,700 


25,400 


25.600 


28,200 


30,500 


(') 


{') 


28.500 


30,300 


25.500 


25,500 


28.000 


22,900 


22.900 


(3) 






24.200 


22.200 






^4.700 . 


27.500 




{') 


e) 


28.700 


£5,700 


23.800 


26,000 


24,p00 


30.000 


21,^00 


(3) 


25.900 


26.100 


23,200 


26,100 


24.100 



^Excludes the military services and the Commls^oned Corps. 

'Included earth scientists, ooeanograi^ers. and atmospheric scientists. 

^No median computed for groups wittj fewer than 20 Individuals reporting salaries. 



SOURCE: Natiohal Science 
<NSF79-306), p.6l. 
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Dible 5-29. M«dlin annual talarlai of fulHIm^ amploytd doctoral tclantlata and anglntara^ by flald and typa of amployar: 1077 



' — > \ t - - 

All Physical Mathemailcal Computer . Environmental 

Employer type fields scientists scientists specialists scientists^ Engineers 

Total ^ $25,600 $26,600 $23,300 $25,900 ^ $25,800 $28,600 

Business and industry ... 29,900 29,900 27,400 26,000 28.600 30.000 

Educational institutions 23.700 23,600 22.700 2^.400 23.600 26,500 

Universities and 4-year colleges . 23,800 23.900 / 22,800 * 24,400 23,700 26.500 

2-year colleges ' 20.900 20.600 17.800 (^) 23:800 

Elementary and seconc^ary 

schools: 22,400 18,100 {^) (?) (3) ^ 

Hospitals and clinics \. 23,600 26,500 O • (^) O {^) 

Nonprofit organizations 26.800 '25.900 28.600 ^ {^) 27.600 30.100 

Federal-Government' 29,700 29.700 29.300 30^.500 30,700 30.000 

State government 21.600 2q,200 (^)^ (3) 21,000 ^ 21,700 

Other government 22,100 ^ (3) (?) • (*) ' (3) 

Other employers 37.600 H {^) (3) (3) (3) ' 

~ ^ — : ^ — -~ — • 

' Excludes the military Services and the Commissioned Corps. 
^ Includes^ earth scientists, oceanographers. and atmospheric sclenlidts. 
^No median computed for groups with fewer than 20 Individuals reporting salaries. 

SOURCE: National Science Foundation, Detailed Statistical Tables. Characteristics of Doctoral Scientists and Engineers In the' 

(NSF 79-30e), p. 52. , ' * 



l,ife 
scientists 



$24,700 
28,700 
23,500 
23.600 
20,600 

19.300-^ 
25.300 
. 24.600 
28.400 
21.100 
22,700 



Psychologists 

$24,100 
^3,300. . 
22.700 
22.700 
20,300 

23,900 
23.200 
24.400 ■ 
30,600 
22,900 
23.600 
s (3) 



Soclal 
scientists 

$24,100 
30,200 
23.100 
23,200 
22.400 

20.700 
{') 

26,800. > 
31.^0 

a^ioo 

/ 19.800 
37,400 




States. 1977 
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Table 5-30. Mtdlah annual aalarlas of full-tlmt employad woman doctoral sclantlata and anglnaars^ by flald and tyfja of amployar: 1977 



lEmployer type 


All 
fields 


Physical 
scientists 


Mathematical 
scientists 


Computer 
specialists 


Environmental 
scientist?^ 


Engirieers 


Ulfe 
scientists 


Psychologists 


Social 
scientists 


Total,.,-;, 


.$20,700 - 


$21,200 


- .$19,900 - . 


$20,800 - 


- $19,700 


$22,900 


$21,000 - 


$20,600 - 


$20,200 , 


Business and industry 


. 24,400 


2^,800 


(3) 


23,000 


22.400 


23,400 


23,600 


25.600 


26,200 


Educational institutions 


.» 20,000' 


19,500 


19,500 


19,700 


. 16,700 


21.400 


20,500 ' 


19,700 


19,800 


Universities and 4-year colleges 


. 20.000 


19,600 


19,800 


19,700 


18.600 


21,400 


20,600 


19,300 


19,800 




, 19,700 


20,000 


0) 


■P) 




., (') 


20,100 


19,300 


19.700 


Elementary arid secondary 


















(') 




. 21 ,000 


{') 


(') 


{') . 


(») 


(') 


(') 


22,200 


Hospitals and clinics 


. 21.000* 


{') 


(') 


{') 


(») 


(3) 


21,600 


21,000 


(') 


Nonprofit ocganlza^ns 


. 21,100 


21.500 


{') 


{') 


(') 


(') 


20,100 


21,600 


21.000 


: 26,600 


26i200 


(') 


.(') 


■ .0 . 


(')■ 


'26,200 


26.100 


26.600 


State government 


! 19,500 


(') 




(') 


(3) 


(') 


21.600 


19'.900 


17,500 


Other government 


. 21,700 


{') 


} {') - 


' {') 


(') 


(3) * 


19,800 


23,200 





' Excludes the military services and the Commissioned Corps. ' ^ 

2 Includes earth scientists, oceanographers, and atmospheric scientist^. ■ ' ^ 

^ No median salary computisd for groups with fewer than 20 individuals reporting salaries. 

SOURCE: National Science Foundation. Detailed Statistical Tables. Characteristics of Doctoral Scientists and Engineers in the United States, 1977 (NSF ' ■ . 
79-306). p. 64. . . V • • . 
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I^blt 5-31. Median annual aalarlta of full-tlma amployad woman doctoral aclantlata and anglnaara^ by fitid and 

^ primary woric activity: 1977 



.All 

Pmnary work activity fields 

All activities $2().700 

Management and jadmtnistratlon ... 25,100 

of RAD 26.300 

Of non-R&D 24,100 

Of both 25,500 

Research and development 21,000 

Basic research 20,600 

Applied research . . . : 22,200 

DovGlopmonl and d03lgn 20,500 

Teaching r 19,500 

Report writing 20,600 

Consulting 22,300 

Production and Inspection 19,700 

Sales and professional services . . 21,200 

Other.actlvltles 20,500 



Physical 
scientists 



Mathematical 
scientists 



Computer 
specialists 



Environmental 
scientists^ 



Engineers 



Life 
scientists 



Psychologists 



Social 
scientists 



$21,200 
25,700 
27.100 
26,200 

22,600 
21.500*' 
23.600 
22,200 
18.800 
(^) 
(^) 
(^) 
..^\ 
20.700 



$19,900 
24,800 

(^) 

22,000 
19,500 
(^) 
(^) 

19,100 

(^) 
(^) 



$20,800 
(^) 
(^) 
(') 
(^) 

22.500 
(^) 
(^) 

21.500 
19,400 

(^) 

(3)' 
(^) 



$19,700 
21,700 
(^) 
(^) 

(0) 

21,100 
20,000 
23.200 

(^) 
18.B00 

(^) 

(^) 

. (3) 

(^) 



$22,900 
(^) 

23,000 
(^) 

23,200 
(^) 

21,000 
(^) 
(^) 
(^) 
(^) 
(^) 



$21,000 
25,500 
27,900 
24,100 
26,800 
20,700 
20,600 
21,100 
(^) 

20.300 
21.000 
22,300 
(^) 

23,100 
20.700 



$20,600 
24,400 
26,700 
23,€00 

19,900 
13,800 
21,100 
(^) 

19,000 
20,700 
22,200 
(^) 

21,300 
(^) 



$20,200 
24,400 
22,900 
24,700 
25,i00 
20,700 
20.700 
21.500 
(') 

19.500 
18,000 
(^) 
(') 
(') 

17,400 



^ Excludes the military services and the Commissioned Corps. 

^Includes earth scientists, oceanographers, and atmospheric scientists. - 
^ No median salary cofnputed for groups with fewer than 20 individuals reporting salaries. 

SOURCE: National Science Foundation, Detailed Statisticat Tabl&s: Characteristics of Doctoral Scientists and Engineers in the United States, 1977 (NSF 
79-306): p. 64. 
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Thblo S-32, Distribution of employed tclkntltt* »nd englnMr* by field and minority group; 107e 



Minority sclontlsts and engineers 

All sclonllsts All ^ Other 
Fiold ^ and engineers mlnorltle?' Blocks Asians minorUlos^ 

Numl>er - 

All Holds 2.377.100 9.8,200 33.000 41.400 23.800 

* Engineers ... 1.240.800 44.100 11.700 20.600 11,800 

Malhomalicnl scientists 88.300 ^ .3.300 2.000 1.100 200 

Computer spedhlists 172.400 7.900 3.500 3.600 800 

Life saonlisls , 277.500 ' 10.500 2.900 3.900 3.700' 

Physical scientists 227.400 12.200 3.300 5,400 3.500 

Environmental scientists^ , ... 74.800 t.100 ,100 500 500 

Psychologists , .97,700 .6.400 1.3(K) 9,100 '1.000 

Social scronltsls . . 198.300 , 14.000 8.200 3.300 2,500 

Percent 

Airfields 100 4.1 1.4 t.7 ^ 10 

-Engineers \ 100 3.6 .9 t.7 1.0 • 

Mathematical scientists 100 3,8 2.3 . 1.2 .2 

Computer specialists tOO 4.6 . 2.0 2.1 .5 

Life scientists 100 3.8 1.0 1.4 1.3 

Physical scientists 100 5.4 1.5 2.4 1.5. 

Environmental scientists^ 100 t.5 .1 .7 .7 

Psychologists...... 100 5.5 1 3 3.2 1.0 

Social scientist^ .100 7,t 4,1 1,7 ^ 1.3 

' Includes an ^tlrnated 8.500 not reporting rpce. ^ 

' •''^ lnclutll?5 earth scienlfsts. oceanographers. and atmospheric scientists. . ^ * 

NOTE: Detail may not add to totals because o( rounding. * 

SOURCE. National Science Foundation. Dotaited Statistical Tahlos. U. S. Scientists and Engineers: 1976 (NSF 79^305). 
based on pV 1i^f'16 * 

Science lndlcators-~1978 
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DESCRIPTION OF THE METHODOLOGY FOR PROJECTING 
DOCTORAL SCIENTIST AND ENGINEER SUPPLY AND UTILIZATION 



Comprehoni^ive projections of the tJwpply apd 
utilization of doctoral scientists and engineers 
are prepared currently by only two groups, both 
Federal agencies: the Bureau of Labor Statistics 
(BLS) and the National Science Foundation 
(NSF).» In spile of differences in concepts and 
techniques, the two agencies generally agree 
Ih aF a I arger number Trf lhese~^t^ntist5-n ntl 
engineers will be employed in non-S/E activities 
by the mid-1 980's. 

BLS projects to 1985 the' traditionar'employ- 
pt for doctorates, including those in science 
i engineering (S/E), Such utilization is defined 
ferms of the proportions of the labor force in a 
id thai is comprised of doctoral S/E's in a past 
riod when doctoral supply and utilization were 
sumed to have been in balance. As estimate of 
"iraditional" doctoral employment in 1985 is 
derived by first extrapolating 1960-1970 trends 
in the proportional representation of doctorates 
in a field. The extrapolated fraction for 1985 is 
multiplied by the BLS projection of total labor 
require^iients in that field for 1985 to obtain the' 
number of traditional jobs for doctoral S/E's, 

in contrast, NSF uses econometric modeling 
and trend extrapolation to esHmate the number 
of science~and-engineering-related peisitions 
which may be available^by field for doctorates in 
1987. This concept of utilization is based on the 
type of activities in which doctorates are 
engaged. NSF projects the two largest categories 
of S/E employment, academic and industrial 
R&D, through the use of demand equations that 
are derived from regression analysis. Demand 
,variables*include R&D spending and the number 
of S/E baccalaureates awarded (an index of 
leaching loads) in a year. Other categories of S/E 
employment are projected through extrapola- 
tion. 

In addition to agreement on the xwerall 
* balance between supply and utilization, both 
agencies expect growing imbalances in the broad 
fields of scienoe. More specifically, the two differ 
by only a few thousand on both the future 



J I>)UhKvs Br.uKKHk. " I ho Ovrtbupply of Ph D 's U> 
Continue riirough 1^>85/' MofUhh IMfVt Rtvuw (CXtoluM' 
1078). p. ^18-30; N«\tK>n*il Srionio rouml^ition, IVoirt/nuiM*/ I In 
^ui^plxftnul Uhlizalwuoi Sunn' ami l us^iumni^si Doilonitt'y ]'>i<tivui 
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supply and utill/ajtion of doctoral physical 
scientists and mathematicians. Also, NSF and 
BLS agree closely on future utilization in the life 
and social sciences, but BLS projects about 
lvS,000 more doctoral life scientists and about 
5,000 more social science doctorate holders than 
does NSF, Only for engineering do the two sets 
-afprojections^ffein)n-^e-fu^HH=e-nftHire^of-th4 
labor market. BLS foresees a small shortage of 
doctoral engineers, whereas NSF estiir^^tes that 
about 15,000 of this group will hold non-S/E 
positions in 1987. 

Most of the divergence between the two 
agencies on the outlook for engineering and 
almost all of the differences on the extent of the 
future imbalances in the life and social sciences 
can be traced to how NSF and BLS account for 
future additions to the supply. The National 
Center for Education Statistics (NCES) provides 
the dej^ree projections Msed by BLS,^ NCES 
derives its estimates of future degrees from 
extrapolation of trends in (1) the ratios of total 
doctoral awards to the college-age population, 
and (2>the ratios of degrges in a field to total 
doctorates. Examination of NCES projections 
reveals that future degree totals generally differ 
not only in magnitude but also in direction of 
change from those generated by the NSF model. 
These divergencies highlight the (oles in the 
recursive NSF model of (1) feedback from the 
market to the number of doctorate graduates 
and (2) expectations concerning demand fac- 
tors.^ In the NSFvmodel, poor employment 
opportunities in a given year result in lower 
graduate school entrance and completion rates 
whereas better market conditions induce higher 
rates. (It should be nated that although NSF 
found very strong statistical evidence for the 
existence of such feedback, NSF analyses 
indicate that it is not sufficient to prevent 
market imbalances,) In the NSF model, projc^cted 



^ Nils /Vt»Ki/n>M> of IdmiUiou Nh/i'./m*- h hfH5K(>, U.S. 
Drp.utnuMit of HiMltli. ['AliK.^tion niul Wellnro, N.itional 
C:imiKm' for TAliKation Statlstks (NCTES 77-402). 

' In .1 sopniMto rffori iiiultM *in NSI' y,r.\ui, \hv CvwWv for 
!\>lii y Analysis at tlu» Massac luist^tts Inst it iiUM>f 1Vchnoloj;'y 
lui^i also stiicliinl the application ol market foodbaik moJcIs to 
do>!;ioc projrttiony, an area piontvreil by Kirliijrd H. I reeman. 
See I hi' Oi'ctciimnft'd Artwf htiu, (New York; AiaJemie Press. 
U>7o) 



market condlllons and hence, doctoral awards, 
depend upon the interaction of supply and 
demand variable8|{ hi the case of ^ft»ftineering, 
NSF projecte a reversal in the current clown ward 



trend In doctorates, which NCES expects to 
continue, in large part because projected in- 
creases In industrial R&D funding Induce higher 
projected numbers of engineering doctorates. 



MINORITY COMMENT ON PROJECTIONS OF THE SUPPLY AND 
UTILIZATION Of DOCTORAL SCIENTISTS AND ENGINEERS 



By Or. Saufuins Mac Lnic, Mmhcr 
r^^htional Science Board 
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This striking figure requires analy sl^Tothis 
end, I have studied a draft of the NSF report 
making this estimate; Prajvcthms of the Supply atid 
llUlizatioft of Scieuce and Ettgirwring DoctonUes^ 1982 
nud 1987-JNSF 79^3031 

The fundamental difficulty. IsT that any ex- 
trapolation to future time IS likely tp be made by 
assuming that sorrtething measured now will be 
tht^ same in the future. This. assumption may be 
fine for a little time, but it is not likely tobegood 
for long — and this method cannot foresee 
qualitative changes. 

These projections of the supply and utilization 
of doctorates are in the same style: they assume 
something constant. In projecting the number of 
new doctorates, the state of the market fof 
science doctorates is an imporUint yariabli?, Here 
it is called SEEK,»to indicate a proportion of new 
science doctorates still searching for science jobs. 
This quantity (if it be that) is allowed toudry, but 
it depends in coh^hmi v^ays on other quantities, 
such as R and 15 expenditures, '^^'nd yia an 
equation such as » 

.SEEK - 77 - (0.1 X R&D) 

In other words, the rote at which R affcl D affects 
SEEK is constant; in thi^ case, the rate coefficient 
0.1 means that 20 percent increase in R and D 
gives 2 percent decrease- in the number of 
doctoral S/E's still seeking jobs at the ttme of the 
survey. The actual equations used are more 
complex, in that SEEK is taken to depend on 
other quantities besides R and D — but the whole 
projection depends on those - constant nite 
cocffii'ieula and hence basically makes the same 
assumption that "some things will be the same." 

The constant coefficients in such equations 
are picked to fit the past data, as best may be. The 
pi(^'king is done by regression (e.g. "least 
squares"), This method, first discovered by 
mathematicians and astronomers, has been used 
|autiously by statisticians in cases where the 
results can be compared with the facts. Of late,' 



Ever since the beginning of recorded. history, 
nian has tried to foresee what the Future might 
•bring. Soothsayers, oracles, and prophets have 
made predictions, .wise or obscure, wrong or 
suggestive, as the case may be. Now we are more 
cautious; it is the current f(jishion not to"pvedict" 
but to "project"* But prediction or projection, 
when put in quantitative form, is an attempt to^ 
pin down with numbers our hazy view of the 
future. That view may still be wrong. 

Projections, in my opiriion, do not belong in a 
volume on science indicators, where one expects 
rather to find careful indications from definite 
data about the past. This is not the case in the 
chapter on Scientific and Engineering Personnel 
in this volume, where there is a projection which 
reads: 

. . . from 185,000 to 210,000 students 
are prbjectecl to receive science and \ 
engineering doctorates from American 
universities roughly over the next . 
decade .... The .difference between 
supply and uHli/ation in the mid-1980's 
is projected fcy BLS and NSF to be in the 
60,6o0"to~80,00.0 range. This 
difference represents ttn estimate of 
doctoral S/E's who are likely to find it 
necessary to accept non-S/E or non- 
. traditional employment. ^ Based on 
^.'historical evidence, it is likely that only 
a small proportion of this group will ^ 
actually be unemployed. By^ontrast, 
only about 23,000 doctoral S/E s were in 
full-time, non~S/E positions in jo??.'^ 

hi other words, these projections suggest that 
about 3D to 40 percent j>f new Ph.D.'^ or their - 
equivalent are unlikely to find positions in 
science and engineering. 

' Domiiiul VtH'iabio values \uv i*xof>rnous, i.tv, llir i»h , 
limalod fulniT Vi\Iuch of Jrmtiiul tti<.U>ii» air wot allrtU'd by 
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giviMi a gonoral enthusliism for projections and 
odtimates, economidt» andeconometrlcians have 
iiaod regressions widely. There are substantial 
difficullkii wUh JJien\eJjiQd. Oawhot qua^^^^ 
(independent variables) does the state uf the 
market really depend? R and D and what else? 
How can we measure the what else? If we jjisc* 
too many such other quantities, will Miey 
interfere with each other? Will they misrepre- 
sent each other? degression, unless checked 
against data, is more art than science. 

This particular regression has an added 
-se^r^ou*^— twuble^lt — depends— beaviLy-u)r 
variable SEEK, which is first regressed on other 
quantities and then used as an independent 
variable^to determine (by a second regression) 
how many new students will enroll for graduate 
degrees, all to enter into the final projections. 

SEEK is defined from the annual NSF Sttrvey 
of Earned Doctorates. This reports the propor- 
tion, by fields of individuals who are about to 
receive do(^orates and who are seekinj^ but have 
not found a definite position tU the time of thesiinny 
(my emphasis). Thus, the data for SEEK simply 
record how many hurried Ph.D. candidates may 
have checked this box at the tiir/e— probably the 
time just before getting the degree when an 
official, perhaps the graduate dean at their 
university, asked ^hem to fill out that survey 
questionnaire. Hence, the numbers are subject 
to some of the usual troubles with hastily 
executed surveys. | 

Filled out at the time of Uie^umy\ What does this 
mean? Each survey, as conducted by the 
Commission on Human Relations, National 
Research Council (NRC), covers one academic 
year (July 1 to June 30). It turns out that the 
gt?aduate dean get^ a good supply of , survey 
forms at the start of the year. Students fill them 
out from time to time. They flow into the NRC 
offices at a more or Jess steady rate all year, and a 
bit into the next year as the NRC attempts to 
catch up with the laggards. In other words, there 
is no one definite "time of the survey", so this 
index doesn't measure thie market (or anything 



much else) at<?Mv definite time. Some responses 
are early on, otners are late, and the sum Is a 
great obscurity. And on this one obscurity the 
wftole projecfiofi reajii: SEEK, whatever it means, Is 
one of the central variables in all tlVe regressions 
used for these projections of new doctorates. 

This uncertainty of firrie has other Conse- 
quences. In some years the rrtarket for positions 
in science' begins to be active earlier In the year--*- 
yvith the result that few new Ph.D.'s will still be 
seekinjij^positlons when they fill out those forrns. 
In other words, a low value for ,the percentage 

:EK in any one year measures some (unki 
combination of at least two different effects: the 
market for Ph.D.'s starts earlier; the market for 
Ph.D. s is better. V 

"Feedback" is also a problem. When the market 
for positions in science is poor, it seems likely 
that fewer young people will enter grAduat^ 
school in the sciences and also that fewer of 
those already entered will persevere to finish the 
doctorate. Henc? any effective "model" of the 
situation would do well to incorporate some 
feedback from the state of the market to the 
numbers of new and continuing graduate 
students. The Indicators Appendix « which 
describes the various projection methodologies 
states that the NSF model uses "feedback from 
tjje — tTRTri^t to the dumber of doctorate 
^aduates.^ 

Reading this led me to think that the massive 
differenceof 60,000 to 80,000 between projected 
supply c?nd utilization would be "fed back" in the 
model and would soon have massive effects on 
the supply. That apparently is not the feedback 
used. Instead, the values of that rather uncertain 
variable SEEK activate the "feedback" — when in 
my judgment a reaJ feedback of the imbalance in 
1987 (60,000-80,000) to the input would have 
been likely to produce a much more realistic 
measure. 

On these and other grounds, this liuattHtative 
prediction of supply and Utilization of doctoral 
scientists and engineers seems to me very 
uncertain. 
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INDEX OF DATA FOR SELECTED POLICY ISSUES 



Chcinges in the U.S. iiUcrnaUonal R&D invostmont posilion, 4-14 
Adrqutuy of industrial R&D investment; 6-7, 11-12, 18 
Concentralioh in civilian R&D, 8-11 
" SufficletKy of Gove r nmen t suppo r t of R &D, 6-7, 9 11, — 

International rompetitiveness of U.S, science and technology, 4-7, M-17, 20-21 
23-33 ' ' 

Role of R&D-intenbive numufactured products in U.S. trade balance, 14, 17, 
20-21, 24-27, 29-33 * 

l-aining capacity of U.S. technical know-how, 23-26 • 

Role of U.S. scientific and technical literature, 15-16, 24 

I'oreit^n S&T con^pelitiveness. 9, 25, 27-33 

increase and effects of U.S. technology transfer abroad, 18-21, 23-33 
U.S. direct investment abroad, 18-21, 24-25, 27-29 

R&d performed abroad by U.S. -based companies, 18-19, 21, 27-28 ^ ^ 
Sale of U.S. technical know-how, 24-27 

Sufficiency of S&T .contributions to ecoiU)mic growth and productivity, 6, 9, 14, 
21-23, 25-^7, 20-33 

Impact of Government policies and regulation on R&D, 9-11, 13-14, 27-29 

1-ffcct of foreign direct investment in the United States, 2^, 28-29 

U.S. position in international patenting activity, 16-21, 33 I 
Increase of foreign pak^riting activity in the United States, 16-20 
Decrease in U.S. patenting activity abroad, 20-21 

hnptuis ol S&T cooperation on international affairs, 4, 23, 33-34 ! . \ 

Sufficiency of S&T irUeratlion with developing countries,'?5-26. 32, 34-36, 37, 39 

Effect of U.S. role \\\ building world scientific ^lnd technical capability, 34-39 
Production and publication of licientific literature, 34-36 
Training of foreign scientists and engineers, .30-38 

Resources for Research and Dcyelopment 

Balance in national funding for research and developnuMU, 44>54 
Development con^nued with total research, 50-51 
Performers of R&D, 48-49 
Sources of support, 4o-48 
Percent' of gNP, 45-40 

Adequacy of R&D support for national objectives, 55-o0 

Adeqiycy of eciuipnuMit fof scientific research in acadeinia. o0-o3 

Iffects of research' fundi!\g on publications output, 51-52 

Resources for Basic Research 
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